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evaluation. It can be used by advanced students or beginning students 
participating in a supervised labpratory or on-the-job learning 
situation. The course is divided into fojir volumes with student 
workbooks, texts, and a supplemental handbook of reference materials 
for eacti volume. Volume 1 introduces the course and reviews chemistry 
and safety. Volume 2 discusses body metabolites, liver function 
tests, proteins, carbohydrates, and** enzymes . Volume 3 includes 
retention and excretion tests; clearance and concentration-dilution 
tests; gastric analysis; chromat^ography , electrophoresis,' and dther 
tests performed by consultant centers; hormones; and toxicology. The 
final volume reviews proper microscope adjustment, critical 
illumination, specimen collection and preservation in urinalysis, 
renal anatomy and physiology, the physical characteristics of urine, 
microscopic examination, and chemical examination. Each of the 
volumes contains chapters with objectives, text, review exercises and 
Answers to the exercises. A volume review 'exerci se without answers is 
provided. (KC) 



* Reproductions supplied by EDRS are the best that can be made * 

* from the original document. * 
*******************************************^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 




DOCUMENT RESUME 



ED 224 891 



CE 034 546 



TITLE 



INSTITUTION 



SPONS AGENCY 
PUB DATE 
NOTE 

PUB TYPE 



EDRS PRICE 
DESCRIPTORS 



D.C. 

547-548. 
Learner ) 



IDENTIFIERS 



ABSTRACT 



Medical Laboratory Technician — Chemical Chemistry & 
dJrinalysis, 10-2. Military Curriculum Materials for 
Vocational and Technical Education'. 

Air Force Training Command, Sheppajrd AFB, Tex.; Ohip 
State Univ., Columbus. National Center for Research 
in Vocational Education. 

Of f ice of Education (DREW) , Washington , 
78 

374p.;' For related documents see CE 034 
Guides - Classroom Use - Materials (For 
(051) y • 

MF01/PC15 Plus Postage. 

Allied Health Occupations Education; Behavioral 
Objectives ; *Chemical Analysis ; Chemistry; 
Correspondence Study; Independent Study; Job Skills; 
*Laboratory Procedures; Laboratory Safety; 
*Laboratory Technology; Learning Modules; Medical 
Education; *Medical Laboratory Assistants; 
Postsecondary Educ=atioii; Secondary Education* 
Technical Education; *Units of Study; Vocatii 
Education, 

Military Curriculum 



iq^l 



Project 



This publication, phf last of three course materials 
in the medical laboratory technician field adapted from the Military 
Curriculum Materials for Use in Technical and Vocational Education 
series, was designed as a refresher course for student self-study and 
evaluation. It can be used by advanced students or beginning students 
participating in a supervised labpratory or on-the-job learning 
The course is divided into four volumes with student. 



situatiori 



workbooks, texts, and a supplemental handbook of reference materials 
for eacti volume. Volume 1 introduces the course and reviews chemistry 
and safety. Volume 2 discusses body metabolites, liver function 
tests, proteins, carbohydrates, and' enzymes. Volume 3 includes 
retention and excretion tests; clearance and concentration-dilution 
tests; gastric analysis; chromaP^ography , electrophoresis,' and dther 
tests performed by consultant centers; hormones; and to^xicology. The 
final volume reviews proper microscope ad justmen t , cr i t ical 
illumination, specimen collection and preservation in urinalysis, 
renal anatomy and physiology, the physical characteristics of urine, 
microscopic examination, and chemical examination. Each of the 
volumes contains chapters with objectives, text, review exercises and 
answers to the exercises. A volume review "exercise without answers is 
provided. (KC) 



******* 

* Reproductions supplied by EDRS are the best that can be made * 

* from the original document. * 
*********************************************^^^^^^^^^^^^^^^^^^^^^^^^^^ 




DEpAATMENT OF EOUCAIWM 

NATIONAL irjsmUTE OF EDUCATION 
EDUCATIONAL RESOURCES INFOPMATION 
y . CENTEi? i(EBIC) 

ThM document has been reproduced Mi 
received from the person or org^mtkHT ^ 
.oHoiodting (t, ^ ' v 

D Mlnbr changes jiavo beer^ made lo/mprove 
leproduction qMality. » ' 



• PolntsofvieworopInlbhastate<iinth{sdopu> 
ment do npt neceasaplY represent official Nl£ 
posHiortor policy. ^ ^ 



^•PERMISSION TO REPRODyCETHI0 
MATERIAL HAjS^ BEEN (SrANTEO &Y 



TO THE^bUQATIONALflESGURCES 
INFORMATION CtNtfeR(EBICV» 



' MILITAKir CURRICULUM MATERIALS . i. 

The iflilitary-developed curriciil\jm materials in this oouirse 
package VN?ere selected by the Natiohal Cerjter for Research in ^ 
Vocational Education Military Curriculim Project for dissem- 
ination to the six regional Curricul;jm Coordination Centers and 
other instructional materials agencies . The purpose of 
disseminating- tliese courses was to make^^oirriculxjm materials - 
cteveloped by the military more accessible to vocational 
educators^ in the civilian setting. 

The gourse materials v\/ere acquired, evaluated by project 
staff and praotiticftiers in the field, and' prepared for 
dissCTiination: Materials vAiich were specific to the rilitary 
were deleted/ copyrighted materials were either emitted or appro^ 
val for their use was obtained. These course packages'^ contain ' 
curricui\jm resource' materials v\^ch can be adapted to support 
vocational instmiction and curriculun development. 



( 



3 



ERIC 



The National Center 
Mission Statement 



The National Center for Research in 
* Vocational Education's mission is to increase 

the abilityrof dive;rse ao^ancies, institutions, 
and organizations to^solVe educational prob-. 
I^s relating to.individual career planning, 
^ j( preparation, and progression. Tlie National 
Center fulfills its mission by: 

• Generating knowledge through research 

4 

• Developing educational programs and - 
products 

• Evaluating individual program needs 
and outcomes 

• Installing educational programs and 
products ^» 

• Operating information systems and 
sen/ices 

• Conducting leadership development and 
training programs 

FOR FURTHER INFORIVfATlON ABOUT 

Military Curriculum Materials 
WRITE OR CALL ^ 

Procjram Information Office " 
The National Center for Research in Vocational 
Education 
^ The Ohio State University - 

1960 Kenny Road, Columbus, Ohio 43210 
Telephone: 614/486 3655 or Toll Free 800/ 
r:r%ji^' 848-4815 within the continental U.S. 

Clxl L (except Ohio) 



V 




Military 
Curriculum Materials 
Dissemination Is ... 



an activity to increase the accessibiltTy of ■ 
military developed currictjium materials to 
' vocational and technical educators. 

This project, funded by the U.S. Office bf 
Education/ includes the identification and 
acquisition of curriculum materials in print 
form from the Coast Guard, Air Force, 
^ Army, Marine Corps and Navy. 

Access to military curpculum m&terfals^ is 
provided througK a "JoTnt Memorandum of 
Understanding\' between the U.S. Offib^of 
Education andlthe Department of Defense. 

The acquired materials are reviewed by staff 
and subject matter specialists, a*'nd cojurses 
deemed applicable to vocational and tech- 
nical education are selected for disseminatipn. 

The National Center for Research 4n 
Vocational Education is the U.S. Office of 
Education's designated representative to 
acquire the materials and conduct the project 
activities. ; * 

Project Staff:' ' 

. Wesley E. Budke, Ph.D., Director 
«r National Center Clearinghouse 

i Shirley A. Chase, Ph.D. 
Project^Dlrector 

ERIC ^ 6 



What Materials 
Are Available? 



\3ne hundred twenty courses on microfichie 
(thirteen Jn paper form) and description^ of 
each, have been provided to the vocational 
Curriculum Coordination Centers and other 
' instructional materials'agencies for dissemi; 
-nation. * • ' ^ 

Course materials include programmed' 
instruction, curriculum outlines, instructor 
guides, student workbooks apd technical 
manuals. ^ 

The 120 courses repre^nt the follovvrng 
sixteen vocational subject areas: 



Agriculture 
Aviation 
Building & 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Dinfling 
Electronics 
Engine Mechanics 



Food Service 
Health 

Heating & Air^ 
Conditioning 
^.Machme Shop 

Management & 
Super\fision 

Meteorology & 
Navigation 

Photography 

Public Service 



( 



The number of courses and the sut^ect areas, 
represented will expand as additional mate-' * 
riiils with application to vocational and 
lefchnical education are ideatified and selected* 
for dissemination. . 



l-fow Can Thes^ 
Materials Be Obtained? 



' .J 

J' 



Contract the Curriculum (Coordination Center 
in your region for information on obtaining 
materials (e.g., availability and cost). Tfiey 
will respond to your request directly or re(er 
yau to. an instructional materials agency 
closer to you. 



CUIUIICULUM COOHUIiJ.M ICji4 CLN I EPiS 



EAST CENTRAL 
Rebecca S. Douglass 
Director ^ 
100 North First Street 
Springfield, Il'62777 
217/782-0759 



MIDWEST • 
Robert Patton 
Director 

1515 West Sixth Ave. 
Stillwater. OK 74704 
405/^77 2000 

NORTHEAST 
Joseph F. Kelly. Ph.D. 
Director 

225 West State Stieet 
Trenton.NJ 08G25 
609/292 6562 



NORTHWEST 
William Daniels 
DilTector 
Building 17 
Airdustrial Park 
Olympia, WA 98504 
206/753 0879 „ . 

SOUTHEAST 
James F. Shill, Ph.D. 
DirectoV 

Mississippi State University 

Drawer DX 
Mississippi State, MS 39762 
60iy325 2510 

WESTERN * ^ 

Lawrence F. H. Zane.l'h.D./ 
Director 

1776 University Ave, 
Honolulu, Ml 96822 
808/948 7834 



Correspondence Course 10-2 



MEDICAL LABORATORY TEeHNICIAN- 
CLINICAL ChWsTRY AMD URINALYSIS 



1 



.Course Description 
Volume 1 " 

Introduction, to Your Speciality aSid to 
^ Clinical Chemistry - Tey:£ Material 
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Workbook ^ 

Volume Review Exercise . , . 
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liaboratory Procedures in Clinical Chemistry 
|(Part li) - Text Material 
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Laboratory Procedures in Urinalysis - 
^ Text Material 
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Volume RevieV, Exercise 

Volumes 1 through 4 

Handbook of Reference Material 
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Courst Description: 



The foilowing course is the first of three counts in the Medical Laboratory Technician field, designed. to upgrade the Specialist (sicilled) worker to the 
Technician (advanced) level. The course contains basio information as a refresher'course, but is designed to be used my advanced students or beginning 
students participating in a supervised laboratory or on^the^ob learning situation. The remaining two courses cover M£robio)ogy and Hematologyr 
Serology, Blood Banking^nd Immunohematology. Yhis course lists the following dU^ies for a Medical Laboratory Tiechnician/Speciflist: ' 



Perfbrms hematological tests - ' 

Performs urinalyses ^ ♦ 

Performs c^mibal analysis * - 

<^^'ist8 in blood bank duties ^ * 

• Performs microbiotojgl^l and serological tests V * 

* Accomplishes general medical laboratory duties . ^ i ^ 
> * Supervises medical laboratory personnel 

This couree is divided into four volumes wi^h student workbooks, texts, and a supplerpentai HMdbook of Reftnnce MsterM for volumes 1 through 4. 

Volume 1 — fntroduction to Yqur Spec/a/ty, and to Oinizat Chemistry contains si^chapters covering a review of basic chemistry, 

solutions, colorimetry and photometry, specimen collectior^and preparation, and quality control. Chapter 1 dealing with the 
'intr,oduction of the medical laboratory career field was deleted except for the section on lab safety. It covered military career 
organization and procedurefs. ^ 



, Volume 2 — 



Volume 



Laboratory Procedures in Ciinicai Cttemistry iPan I) discusses body metalbOjUes, liver function trtts, proteins, carbohydrates, 
and enzymes. * , " ' 

Laboratory Procedures in Ciinicai Chemistry (Part 1 1) includes retention and excretion tests; clearance and concentration-dilution 
tests; gastric analysis; chromatography, electrophoresis, and other tests performed by consultant centers; hormones; and toxicology. 



Volume 4 — 



Supplementary 
Material — 



Laboratory Procedures in Urinaiysis covors a review of proper microscope adjustment, critical iljumination, specimen collection 
and preservation, renal> anatomy and physiology, the physical characteristics of urine, microscopic examination and chemical 
examination. 

Handbooic of Reference Materiai containi appendices of references on the chemical elements, clinical chemistry values, and some 
basic mathematics. . ^ 



Each of the volumes ^onteins chapters with objectives, text, review.exercises and ans^rs to the exercises. A vojume review exercise is provided but no answers 
are available. This course was designed tor student self-study and evaluation within the context of a laboratory^ or on-the-job learning situation. The material 
is useful for beginning sttidents with a good science and math background or workers who wish to upgrade or refresh their skills. Much of the material is review 
of basic procedures with some supervisory information. 
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Sugganad Background: ^ ' ~~ 
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«Coit: Print Pagaa: 

/ Availability: 
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Organization ^of Matariafs: 

Student workbooks vwith objectives, assignments, chapter review axarcisas, answers, and volume revieyw exercises; separate texts; 
supplemental handtxmk . , . 

J'ypa of Instruction: \, ^ , . ' ' ^ 

'* . ' • . , ^ ■ ^ ' . : P 

Individualized, fo.tf-paced . / ' • ^ 



Type of Matarials: 



Volume 1- - fntmfuction^ Your Specisity and to Oinical 
Chiftnittry 

' '• < 

Workbook , ^ 

Volume 2 - tabontory Procmiurm In Oinical Chemistry 
* (Parti) , 

V Workbook 



volume 3 - 



Laboratory Procedures in Clinical Chmnistry^ 
(Partlir w 



Workbook 

Volume 4 - laboratory Procedures in Urinalysis 

Workbbok f 
Handbook of Reference Materially o\\xn\e% 1 through 4 

Supplementary Matarials Required: 

None 
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Introduction to Your Specialty and to Clinical Chemistry 
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THERE ARE three courses in the Medical Laboratory Technician specialty. 
The'" first' in this' course, Clinical Chemistrx and Urinalysis, The others are 
904\2, Microbiology; and 90413, Hematology, Serology, Blood Banking, and 
Inamunohematology. Entry prerequisites for the series arc given in Chapter 1 of 
this volume. The prejequisite for each subsequent course (90412 and 90413) 
is successful con^pletion of the previous course in numerical order as each is 
listed above. ' // 

^ The second CDC in this series, ^0412, includes several unique sciences within 
the clinical laboratory. They are Bacteriolbgy, Parasitology, Mycology, and 
Virology. CDC 90413 considercs background material in Hematology, the study 
of blood and bipod-forming tissued Another field of endeavor in this <irea i§, 
the study of antigen-antibody relationships, which is referred to as Serology. 
Closel/' allied to hematology and serology^ is the complex technology of Im-^ 
munohematology and Blood Banking, a subject vital to the interests of U.S. Air 
Force patients. \ ' 

A Handbook of Reference Material is published irs a separate inclosurc. 
Use it as the tc;it directs throwghoik the course. This handbook consists of three 
appendixes entitlecMA) TJie Elements, (B) Tables of Clinical Chemistry Values^ 
and (C) Mathemaflcs. You arc not responsible for specific information in the 
appendixes, except when tJtiis information is referred to in the text. Appendix C 
is a brief summary ofXtHe basic mathematical information which you may need 
as a refresher for calcwatjons in the text. \ 

Clinical Chemistry and Urinalysis\ introduces you to the USAF ^Medical 
Laboratory Service and this series of\ CDCs developed for your career field. 
Clinical chemistry^ is the specific chenUstry of human physiology as it relates 
to the medical laboratory. The macroscto^iHC, micrpscopifc^ and chemical analysis 
•or urine is presented in the^fmal volumem thi course. 

Clinical chenustry is infiroduced with aAReview ot Basic Chemistry^i^ Chapter 
2 of this volume.. Thfs is expanded ^m Gl^^^ 3, Solutions, as. basic chemistry 
principles are used, to understand; certain U of* solutions ,-used in the 

chemistry laboratory. The ,next chapter, Colbkimctry and Photometry; de^Js with 
instrumentation and presents t^e principles\ land utilization of photometry in 
quantitati>;e cfiemical analysis. Following thi^ thg fifth chapter deals with the 
collection and preparation of clinical specimenslvThe last chapter discusses Quality 
Control and proposes a quality control proVram for v the clinical - chemistry 

laboratory. ' \ . c 

If you have questions on the accuracy or currency of the subject -matter ot 
this t€xt, or recommendations for its improvement, send them to;^ Med Svc 
Sch (MSSTW/120), Shepp^d AFB, TX 76311. 

^ If you have questions on course enrollment or administration, or on any of 
Ed's instructional aids (Your Key to Career Development, Study Reference 
Guides, Chapter Review Exercises, Volume Review Exercises,- and Course 
Examination), consult your education officer, training officer, or NCO, as ap- 
propriate If he can't answer your questions, send them to ECI, Gunter AFB, 
Alabama 3(6114, preferably on ECI Form 17, Student. Request for A^istance. 
This volume is valued at 36 hours (^2 points). 

Hi ^ ' 




'Contents 

Preface : iii 

Chapter" ^ . " 

1 Introduction to Medical Laboratory Career Field * 1 

2 Review of Basic Chemistry , 7 

3 Solutions : 20 

4 colorimetrr and photometry ^. 30 

5 Specimen CollIection and Preparation '43 

6 Quality Control ^ , 49 

Bikiiography ^ 
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LIST OF CHANGES 



r 



1511 



Lr FECT^Vt DATE 
or TiHlPPING LIST* 

23 May 75 . 



CAREER FIELDS, POLICIES. PROCEDURES AND EQUIPMEMT CHANGE. ALSO ERRORS 
OCCASIONALLY GET INTO PRINT.^ THeVoLLOWING ITB4S UPDATE AND CORRECT 
YOUR COURSE MATBWALS. PLEASE MAKE THE INDICATED CHANGES., 



1. CHANGES FOR THE TEXT: VOLUME* 1. * ' 

a. Page 7, para 2, l^ne 17: -CKange this line to read "worker eaqplain what ^ 
is occxirring in a particular ^test. " 

b. Page 7, col 2, line 8t Delete the comma after "oxidation." ^ 

c. Tage 17, para 6-32, last equation: Add s\abscript "2" to "CI" so that 
the equation rieads '*H2 -+ Cl^ >2HC1." ^, „ / . ^ 

d. . Pa^e 24, pa^:a 9-13, line 28: Change "0.2N » Cj" to "0.02N » C2." 

e. "fea^e 31, para 11-4, line 7 from end of paragraph: Change "diulted" to 
^"diluted." ^ 

f . Page^54, para 17-8, lines 4 and 5: Change "aliquote" to "aliquot." 

2. CHANGE FOR TEXT: VOLUME 2 \ 

Page 7, p^a 1-26, line 18: Change "or" to "of." 

3. CHANGES FOR THE TEXT: VOLUME 3 ' 

a. Page 22, para 5-21, line 2 from end of paragraph: Delete the square root 
sign. V ► X . ' 

b- Page 22, para 5-25, line 5: Change "autoanalyzer" to "Autoanalyzei®. " 
("Autoanalyzer" is a registered tradem£u:k.) 

c. Page 25, col 1, line 19: Change "aliquote" to "aliquot." 

4. piANGES FOR THE TEXT: VOLUME 4 

' ' a. Pace 17, para 7-6: Delete last two sentences containing reference to 

training aids package. Para 7-8, lines 1 and 2: Delete ", also included irt 
^ the training aids package,". 

b. Page 18, para 7-13, line 5: Change "1.002"^to "0.998." 

c. Page 18, para 7-15, line 10: Change "I'.OOO" to "0.998." 

- d. Page 18, para 7-15, line 11;. Change "1.002" to "1.000." 

» 
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EFFECTIVE DATE 
OF SHIPPING LIST 

23 May 75 



CAREER FIELDS.,POLICIES, PROCEDURES AND EQUIPMENT CHANGE, i^SO ERRORS 
OCCASIONALLY QET^INTO PRINt THE FOLLOWING ITBiS UPDATE AND CORRECT 
YOUR COURSE MATffllALS. PLEASE MAKE THE INDICATED CHANGES. 



4. CHANGES FOR THE TEXT: ' VOLCME 4 (Continued) 

e. Page 18, col 2, para 7-15, line 15: Add as I^st sentence to paragraph, 
"The reason for adding the 0.002 to the urine reading (or water) is that the 
solution is less dense at 20^*0 than it would be at 15**C, and the calibration 
temperature of the urinometer used in the above situation. By correcting the 
20**€ reading, this is, in effect, reporting the .sq gr of th€ urine at 15*C - 
without lowering the temperature of the saiqple." 

f. Page 31, para 10-9, line 2: Change "establisehd" to "established." 
Para 10-10, lines \\ and 12: ChcUige "sensitiviy"^to "sensitivity." Para 10-10, 
last line of paragraph: Chemge "constitutents" to "constituents." 

g. Page 33, Table 3, Interpretation , col , line 11: Piace 2 additional 
asterisks (*) after "Microorganisms." * 

h. Page 34, para 10-16, last line: Delrete "in the training cticjs package." 

I 

i. Page 35, para 10-21, line 8: Change "Although sulfa-para-" to "Although 
sulfa, para-." Para 10-22, last ^sentence: Change to read: "The colors are 
illustrated on the Labs tix indicator color chart."' Para 10-23, last sentence:' 
Change to read "These direction^are also on the Labstix indicator color 'chart. " 

j. Page 35, para 10-24, col 2: Change the last two senten^e^ to read "To 
avoid confusion, it is suggested that^^th^ relative concentration shown on the 
color chart as trace, +, +-H- and ++++ be reported instead of reporting the 
specific mg % shown on the chart. This will indicate tfe test employed was a 
screening test." 

k. Page 36, para 11-5, line 4: Change "if formed" to , "is formed." Para 
11-7, first sentence: Change to read "The directions and color rcuige for the 
urine sugar test tablets are found on the package label." 

1. Page 38. para^ 11-11, first line after the equation: Change "As you can 
see in" *to "On-T Para 11-12, lines 4 and 5: Delete the sentence beginning "The 
indicator is included ..." 

m. Page 40, para 12-11, lines 11 thru 13: Delete the sentence beginning - 
"The Ictotest . . . reaction." 

n. Page 41, para 12-18, last line: Change "in the Labstix 'indicator . . -" 
to "on the Labstipc color chart. . ." 

o. Page 42, para 12-21, line 6p Change "the kCG" to "that HCG." 
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CAREER FiaO^ POLICIES. PROCEDURE^ AND EQUIPMENT CHANGE. ALSO ERRORS 
0CC/\SI0NALl7m^ into PRINT. THE FOLLOWING ITEMS UPDATE AND CORRECT 
YOOT COURSE MAtffllALS. PLEASE MAKE THE INDICATED CHANGES. 



4. CHANGES FOR THE TEXT: VOLUME 4 (Continued) 

p. Foldout 1, Details C and D: Reverse the captions and change "Hyatine" 
to "Hyaline." 

5. CHANGE FOR THE VOLUME WORKBOOK: VOLUME 1 ' . 



The following questions are no longer scored amd neeid not be answered 
13 and 25* . 

6. CHANGE FOR THE VOLUME WORKBOOK: VOLUME 2 ^ 

The following questions are no longer scored and n^ed not be answered: 
2 and 12. 

1. -CHANGE ,JFOR THE VOLUME WORKBOOK: VOLUME 3 

Question 28 is no longer scored euad need not be answered* 
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^ MODIFICATIONS 

'f^d^D^ J ^of rtv4s 'publication has (have) been deleted in 

adapting this material for inclusion in the "Trial Implementation of a 
Model' System to Provide Military Curriculum Materials for Use in Vocational 
and Technical Education/' Deleted -material involves extensive use of 
military forms, procedures, • systems, etc. and was not considered appropriate 
for use in vocational and technical education. 
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4. Medical Laboratory 
Safety Procedures 

4-i. Stringent safety regulations are required in 
the hospital laboratory for the protection of pcr< 
sonnel, patients, and equipment. There are many 
potential hazards in laboratories of which the 
technician must be aware. These include volatile 
« and explosive chemicals, cprrOsive substances, 
high-voltage electrical equipment, high pressure 
gases ^oxygen, etc.), infectious materials, chemi- 
cals which can cause systemic damage, broken 
glassware, and— in some cases — laboratory 
animals. 

4-2. The laboratory supervisor is responsible 
for insuring that all newly Assigned workers arc 
made aware of sources qf danger and means of 
avoiding accidents. The laboratory worker should 
first become familiar with AFR 92-1, The .Air 
Force Fire Protection Program, and base fire reg- 
ulations. A fire in a hospital can become a very 
tragic event. The base fire department usually 
conducts fire drills, iand all personnel should coop- 
erate fully In the exercises. There should be a 
safety shower installed so that it is readily avail- 
able to everyone. The laborato^ should have 
more than one exit. In a laboratory, safety and 
accuracy are inseparable. 

4-3. Accuracy of results obtained in the clini- 
cal laboratory depends upon the technique of 
the individual performing the analysis. Good tech- 
nique means mofe than the ability to pipette or 
^ to foI16w written instructions. Good techniques in- 
clude proper preparation of reagents- and speci- 
mens^ careful treatment of glassware and other 
equipment, and above all, ah understanding of 
each step in the procedures, the rationale be- 
hind each step, and the difficulties that may be 
encountered. Thoughtful and meticulous work 
is essential since the welfare of a patient may be 
at stake. 

4-4. Your safety and that of your fellow work- 
ers in the laboratory depends upon your work 
habits. All spilled reagents, especially acids and 
bases, sh9uld be cleaned up immediately and the 
area should be tl^goughly washed with water. 
IJL-icid solutions into contact with skin or 

clothing, they nfPP^Ineutralized with a solution 
of sodium bicarbonate. 3'asic- solutions are neu- 



tralized with a dilute solution of boric acid or 
acetic acid. In h^ih cases, the/area should first 
be thoroughly washed with water.* If solutions are 
pipetted into the mouth, water ai]^ either dilute 
acetic acid or ^ milk of magnesia solution should 
be used to wash the mouth thoroughly. If rea- 
gents are swallowed or splashed into the. eye, 
or if a skin area is burned by a concentrated 
solution, a physician must be contacted immedi- 
ately after pt'eliminary first aid is given. 

4-5. All solutions of a poisonous hature should 
be labeled "Poison.'' They should not be pipetted 
by mouth and should be treated with extreme 
care. Glassware which fias contained poisonous 
substances should be immediately rinsed. All 
chemical work in which dangerous or irritating 
fumes are produced should be carried out under 
a hood equipped with an overhead exhaust fan. 

4-6. Inflammable fluids must be treatefd with 
great caution. When evaporating solutions con- 
taining such liquids as alcohol or ether, u$e only 
a steam pr water bath, or a closed-element hot- 
plate. Never use an open-flame or open-element 
hotplate. "Evaporation must be carried out slowly 
to avoid superheating which may cause an ex- 
plosion. In addition to using care when handling 
solutions, you must aUo be cautious when han- 
dling glassware. _ 

4-7. When working with glass tubing, be cer- 
tain that broken edges are fire-polished. Sharp, 
broken edges frequently lead to accidents, tf an 
jidge cannot be fir©--polished, the glassware should 
be discarded. When inserting tubing.into a rubber 
stopper or cork, hold thev tubing with a cloth 
near the point of insertion. Wetting the glass or 
the\)pening will facilitate entry. Be careful when 
working with hot glass. 

4-8. Practice safety when handling specimens. 
Biological materials such as spinal fluid, blood 
and fecal specimens which are to be analyzed are 
often highly infectious. Extreme care must, there- 
fore, be taken at all times to prevent infection. 
Laboratory personnel should keep their finger- 
nails clean and short, and should wash theit hands 
frequently with soap 2iand warm water. 

4-9. Special precautions required in the i|iicro- 
biology sections and other specialized areas are 
covered in the respective volumes of this series 
which discuss these areas. ' 
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CHEMISTRY IS THE science dealing with thci 
composition of matter and the changes in 
composition which matter undergoes. Because it 
is such a tremendously large subject, chemistry is 
divided into many specialized Holds — inorganic 
chemistry, dealing with the elements and mineral 
matter; organic chemistry, dealing with carbon 
compounds originating from living jnatter or from 
synthetic sources;^ gjiysical chemistry; bio- 
chemistry; clinical chemistry; and other fields. 
. 2. Nearly all chemistry procedures in the Air 
rorce medical laboratory are performed in a 
step-by-step fashion. Actual performance of lab- 
Vbratory procedures is a matter of routine, with 
individual proficiency dependent tipon a tech- 
nician's ability to foUow instructions and organize 
his work. It is possible to become quite profi- 
cient in a proc^ure with limi)^d knowledge of 
the theory or reasoning which is involved. How- 
ever, performing the procedure is only part of 
the responsibility of a clinical chemistry techni- 
cian. In some cases, he must initiate or modify 
analyses. In all situations, he must be«prepared 
to evaluate his work in terms of (quality and ef- 
ficieney^-Sources of error are always pi^ent and , 
must be dealt with. How can you as a laborato^ , 
worker explain what ^s occurring in particular test 
and control variables if you know onfy "cook- 
book" procedure? The answer, of course, is that 
you cannot effectively perform if you literally do 
not know what you are doing and why you are 
doing it. It is fundamental to understand the 
basic principles of ch^ical reaction^ at the atomic 
and molecular levels.^ctual procedure should be 
recognized as only one essential. aspect of chem- 
istry. Mixing reagents is not an isolated skill to be ' 
developed independently of theory. A technician 
or chemist who has relatively little knowledge of 
the instructions he attempts to follow has an ex- 
tremely limited potential. 

3.' You should have some knowledge of chemi- 
cal structure and use this information to work 
with chemical formulas and equations. You must 
define the basic parts of an atom- — ^protons, mu- 



trons, \nd electrons;' and you must determine the 
relative reactivity«of an element by its configura- 
tion of electrons. You should know what deter- 
mines the mass of an element and how this is 
related to isotopes. You should be able to de- 
' scribe precisely the differences in ions, molecules, 
compounds, igind mixtures. You should be able 
to explain the concepts of valence, oxidation, 
number, chemic^ bonding, and polarity. With this 
knowledge, you c^n^oite chemical formulas and 
reactions. 

4. In a sense, the material presented here 
. serves as littie more than ah outline to encourage 
further study and research where needed. You 
will find that the material outiined in this chapter 
represents a deductive approach which begins 
with simple basic concepts, and proceeds to more 
complex specific procedures outlined in later 
chapters. 

5\ Atomic Theory 

5-1. In the basic course, it was necessary for 
you to define certain essential terms in discussing 
atomic theory. These definitions are listed in the 
paragraphs below to refresh your memory for 
later, more advanced, discussion. 

5-2. Basic units of mlitter are called atoms, 
from the Greek "atomos," which means undivided. 
The key to the behavior of atoms is their strjic- 
ture. It has long been established that matter is 
composed of discrete units or particles, a fact 
outiined with remarkable clarity in the early 
1 800s by John Dalton, an English teacher. Figure 
2 will help you realize that, the nucleus of an 
atoA occupies a relatively small space within the 
whole atom. Nuclei of all atoms (except the light- 
est isotope of hydrogen) contain neutrons and 
protons. There are no neutrons in tiie nucleus 
of the lightest isotope of hydrogen. Protons arc 
positively charged, and neutrons are neural. 
Electrons orbit about the nucleus and are 
electrically negative. The negative charge of 



an electron is actually 4. 60 times 10 to the 
minus 19 poulombs,^ but it is assigned a —1 
value fdir purposes of simplicity (1.60 X 10-^^ = 
.00000000000000000016). A value of +1 is 
assigned to each proton. Electrons ^move about 
the nucleus in a path termed a ring, or orbital 
energy level. Further, the electrons spin" in a 
particular way, which accounts for magnetic prop- . 
erties of elements. In addition 'to electrons, neu* 
trons, and protons, Jhere are other atomic 
particles which are not discussed here^'{)ecause of 
their pteripheral relationship to clinical chemis^try. 
An^ particle found in the nucleus of an atom 
is referred to as a nucleon. 

5-3. There is some difficulty in picturing an 
atom ^s having a positive nucleus^-and negative 
electrons orbiting about the nucleus. You might 
ask why the electrons are not attracted to the, 
nucleus — a sit\^tion which would cause collsqpse 
of the atom. As early as 1913, scientists attenq)ted 
to explain why the atpm does not collapse, in 
terms of a quantum theory. One such theory 
proppsed by the physicist Niels Bohr states that 
elections possess a discrete quantity of energy. 
That is, the electrons have a specific energy level. 
As long as the electrcms do not absorber 'radiate - 
energy, they remain at tbcsc levels, 'nius, it is 
^more correct to speak of electrons/ having a par- 
ticular energy level than it is to speak of their 
occupying a particular orbit, though both terms 
ar^ used. In any case, electrons do not simply 
collapse into the nucleus. 

5-4. The maximum number, of electrons which 
can occupy a particu^r jcnergy level can, be pre- 
dicted by the formula, x equals 2n\ where x 
is the maximum numSer of electroqs and n is 
the designated energy level counting outward from 
the jiucleus. For example, at the first energy 
level or K shell, n =f^l; and x, the maximum 
number of electrons possible, equals 2(1)- cir 
2". The L shell, or second shell, where n = 2 
and = 2(2)^ = y2(4) = 8, can have a 
potential population of no more than^. Howeypr, 
as -shown in figure 3, even though the 0 shell 
(5th energy level) Uieoretic^ally could contain 
X = 2(n)2 = 2(5)2 - it actually contains a 
maximum of only 32 electrons. This is because 
none of the known elements contains more than 
32 in the 0 shell, 18 in P, and 2 electrons in 
thetj shell. The formula x = 2(ny applies, then, 
only through the N shell. This concept is of 
value in the determination of valence, which we 
shall discuss later. 

5-5. The atomic number or Z number of an 
element is the number of protons in the nucleus. 
There is always the same number of electrons 

iTIie electrosUlic unH charfc which is trftiuferrcd by one 
ampere in one second is referred to as a coulomb. 



in orbit around the nucleus as there are protons ' 
in the nucleus if the atom is electrically neutral. 
In neutral atoms, the^Tthe atomic number also 
represents the number of orbital electrons. 

5-6. The atomic mass or A number is equal 
to the sum of the protons and neutrons in the 
nucleus^ of an atom. Protons and neutrons are 
each assigned a mass of one atomic mass unit 
(amu). Electrons have approximately 1/1846 
times the unit mass of a proton or neutron. This 
mass of the electron is considered insignificant in 
calculating atomic mass. One^mi^t believe that 
the mass of an atom could be determined exactly 
by counting the number of neutrons, proton^, 
and electrons, and simply adding the masses of 
these basic particles, lliis is not the case, how- 
ever, as may be illustrated with the common iso- 
tope of fluorine. It has 9 'protons, 9 electrons, 
and 10 neutrons. For a very exacting computa- 
tion of at<ynic mass, all of liie atomic masses of 
the particles are added. 

9 protons (9 x 1.00759) = 9.06831 

9 electrons (9 x 0.00055) = 0.00495 

10 neutrons (10 x 1.00899) = 10.08990 

Total 19.16316 sunu 

In applied chemistry, of course, the mass of 
the electron is disregarded. But even if it is not 
disregarded, the total mass shown above; is not 
exactly that which is known to l)c correct for 
this isotojpfe of fluorine. The exact mass is known 
to be 19.00445 amu. Hoyirxte you account for 
the apparen([ discrepancy? The mass which is miss- 
ing was lost when the atom was forme4 and is 
in accordance with Einstein's equation -E = m<^. ) 
This loss Is termeid the mass deject of thfc ele- 
ment. The Einstein equation relates mass to energy 
and pipves that mass can be converted to energy 
and vice-versa. The. situation is really one of con- 
version, not loss, and the equation or law is re-* 
f erred ,to as the conservation of mass-energy. 

5-7/ An element is the basic uAit of matter 
that is left when matter is reduced to its simplest 
chemical parts. Each part, or element, cannot be 
subdivided or changed into any other matter by 
ordinary chemical means. For example, sodium 
chlprid^ caii * be reduced to its individual ele- 
ments — sodium and chlorine. It loses its identity 
as a salt and each element regains its original 
characteristics. Sodium is a highly reactive metal, 
and chlorine is a yeUow-green highly poisonous 
gas. Thus, the characteristics of the individual 
elements differ from the characteristics of the 
compound they form., . 

5^8. Isotopes are -atoms of the same element 
and by definition jfflve the same atomic number, 
but they differ from each other in mass. Some 
elements have as many as 20 isotopes. In looking 
at the periodic chart shown in Appendix A of 
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^ Figure 3. Energy shells by alphabetical designation. 

the Handbook of RefeVence Material, you will 
notice that atomic weights are expressecF^in deci- 
mals. This is because many elements occur as 
isotopes. The weight reported on periodic charts 
^is a mean average of the observed atomic weight, 
as determined by expeirimentation based on their 
occurrence in the eartfi's crust Isotopes differ 
from each other in the/ number of neutrons^ con- 
tained in their nuclei. This accounts for the dif- 
ferent atomic weights of atom? of the same ele- 
ments. For example, there are atoms of uranium 
with 142 neutron^, 143 neutrons, and 146 neu- 
trons. The result is a list of isotopes of uranium 
of atomic weights 234, 235, and 238. There are 
several more isotopes of uranium, but these arc 
the most common. If the average of the isotope 
weights, basdy^on their occurrence in nature, is 
taken, the^atctiic weight of uranium would be 
listed as 238.(77. This is the weight given in 
most atomic tables. 

5-9. When qtoms react in chemical combina- 
tion with each other, they either gain, lose, or 
share electrons. Any atom which carries -^n elec- 
tric charge IS termed an ion. Wh.ei\ an atom loses 
an electron, it then has a positive charge and 
becomes a positive ion. An atom which gains 
electrons becomes a negative ion. The work re- 
quired to pull an electron from a neutral atom 
is measure4 as the /onAca//on potential. An atom 
with a high ionization potential is not easily 
ionized. Both ionization |^tentiai and 'electron 
affinity determine the electronegativity of ele- 
ments, w^ich is an expressiyrn bf the ability of an 
atom to attract shared electrons. A scale of elec- 
tronegativity values of atoms may be found in a 
handbook of chemistry and in most chemistry 
textbooks. The amount of energy released when 



a neutral atom gains an electron is termed the 
eliietron affinity of the atom. The phenomenon 
where;t)y an atom becomes an ion is termed 
ionizatidti: 

5- 10. Atoms rei^ct either with their own kind 
or with atoms of another element. For exaqi)Ie, 
one alom of oxygen can'^combide with ^]^her 
atom of oxygen to form a molecule of oxygen 
gas. Two atoms of hydrogen can combine with 
one atom of oxygen to form a molecule of water. ' 
A. molecule is the smallest unit of a compound 
which retains the characteristics of that compouild. 
When water is separated into oxygen and hy- 
drogen, it no longer exists as water, but as the 
individual elements. The properties of each would 
be different from the properties of water. The 
^toms could combine with other atoms to form 
molecules of other compounds. 

6. Combrrlation of Elements 

6- 1 . Most of the reagents you use in the 'lab- 
oratory will be made from combinations of ele- 
ments called compounds. In order to use these 
compounds, you must know certain chemical and 
physical properties which govern the elements in 
a compound and the compound itself in its reac- 
tions. Concepts such as atomic weight, oxidation 
number, chemicdl 4}onding, a'Sd valence are es- 
sential for this understanding. In addition, you 
must be thoroughly familiar with thte language of 
chemistry, symbols, formulas, and equations. It 
will be necessary 'for you to memorize the most 
common symbols and valences listed in this^ec- 
tion. VOu will also require this knowledge in other 
chapters of this volume, so study this material ^so 
that you will retain these ba^ic concepts and defi- 
nitions. 

6-2. Compounds. A chemical compound is a 
substance made up of two or more elements, 
chemically united in definite proportions by 
weight. Its properties arc different from those of 
the elements from v^hich the compound was 
formed. Table salt Is a compound, made up of 
the elements sodium and chlorine. Water is also 
a compound, made up of the elements hydrogen 
and oxygen. 

6-3. A mixture is composed of two or more 
elements or compounds that have been physically 
mixed. Unlike a compound, the typical mixture 
has no chemical reaction taking place between its 
parts. Each element or compound does not lose 
its original chemical properties. Generally, mix- 
tures can be separated into individual compounds 
by physical means. W-ater added taa salt and sam^ 
niixture will dissolve the salt. By filterin^^fne 
mixture we can remove the sand, and heat will 
evaporate the water, leaving the salt. 
\ 6-4. Molecular composition. Compounds have 
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a defihite molecular composition by weight. Water 
is an ^ample of a compound, and> it can be de- 
compo^d by electrolysis; Upon such decomposi- 
f^^- lion using an electric current, if is found that 
^ 88.81 percent of the water by weight Is oxygen 

A atid the remainder is hydrogen). It is a law in 
chemistry that the quantity of one element needed 
to combine with another element is a fixed ratio 
by weight for any given compound. This is re- 
ferred to as the la\y of definite^ proportions. In 
other words, a fixed weight of ohe element will 
^ combine Vitii a Hxed weight of another element. 
Sometimes an element can combine to form dif« 
ferent compounds in simple multiples of this Hxed/ 
weight. For example, the weight of oxygen in hy- 
/drogen peroxide (H^O^) is twice the weight of 
oxygen in the compound water, but the weight 
of hydrogen is the sanjie. When the law. of de- 
finite proportions is expanded to explain tnbsoc- 
currence of elements in compounds as a simp^ 
multiple of their occurrence iin other compounds, 
* it is" termed the law of multiple proportions, 

6-S. Atomic wight Expressing atomic mass 
in units of weight results in atomic weight Ele- 
mental weights can be determined experimentally 
fron^ the analyses of compounds. It is a simple 
matter to express the percent composition of a 
compound in terms of thie percent of each ele- 

^ ment it contains. If one element, such as carbon, 

is given a value of weigtu on an 'arbitrary basis, 
it becomes easy to detemnine the corresponding 
relative weight of anotner element in chemical 
combination with carboni This table of values has 
been expanded ta include all of the elements, of 
which just over 100 are presently known. Each 
^ assigned weight is referred to as the atomic weight 
For example, the compound carbon dioxide is 
> found to be 27.27 percent carbon and 72.73 
percent oxygen by weight If the weight of car- 
bon is 12, it would follow that in 44 g. of this 
compound, the y/eight/ of oxygen is proportional 
or j>resent to the extent of 32 g. At this point, 
it is* not clear if the compound contains 1 atom 
orj2 or more jatoms of oxygen. But front-^e 
analysis of othejr conipounds it is determined that 
the least weight which could combine with 12 g. 
of carbon is 1^ g. of oxygen. Hence, the gram 
atomic weigher of oxygen is determined to be 
' 16 g., a%d the presence of oxygen in a com- 
pound to thc| exteiit of 32 g. is an example of 
the law of m^ultiple proportions. 

6-6. Va(e^e. Mow elements react and the 
concept of compound formation is determined by 
valence. \|^^! may/ defme valence as the dumber 
oOf electrons:/^an element is able to gain, lose, or 
share — or simply/ as the combining power of an 
^ element. The valence may either positive or 

negative, depending upon whether ^e atom is 
losing or Jgainii^g electrons. For example, the 



hydrogen atom can give up or share an electron 
in order to complete its valence shell. We then 
say that hydrogen has ,a valence of +1 when it 
gives up its 1 electron. The oxygens atom 'must 
borrow or receive 2 electrons in order to com- 
plete its valence shell. We then say that oxygen 
has a valence of —2. As a result, 1 atoms of 
hydrogen, each with a faience of +1, can com- 
bine with 1 atom of oxygen which has a valence 
of —2. If they ;combine, we will have a molecule 
of wateV. 

6-7. You may V not always be able to predict 
^wheth^ an element will gain or lose electrons, 
since some elements can have more than one 
possible valence. As a general rule, however, if 
.an atom has 3 or less electrons in its outer 
(valence) ring, it will give these up, thereby doing 
away with this ryig, making the next ring com- 
plete. (The hydrogen atom is an exception.) If 
there are 5 or more electrons in the valence ring, 
the atom deceives electrons to make a total of 8# 
^ rather than giving up electrons. If an atom has 4 
electrons in its valence ring, this atom has a ten- 
dency to share electrons with pther atoms, rather 
than to gain or lose electrons. An atpm with 8 
electrons in its valence ring is a little fipore. com- 
plicated. There are 6 of these elements with com- 
plete valence rings of 8 electrons. The electron 
distribution of the first three periods, ending with 
'helium, -neon, and -krypton is given with the 
periodic chart in Sectioa IB, Periodic Table, of 
the Handbook of Reference Material. These are 
thre^^of^the 6 so-called inert elements, because 
^ they will not easily give up, receive, nor share 
electrons; -consequently, they will tPOi combine 
under ordinary conditions to form compounds. 
The valence may be determined from a knowl- 
edge of valence shell population, from knowledge 
of specific compounds which , the elements in 
question form, or from a periodic chart (See 
Section IB, Handbook of Reference Material.) 
For a list of the common elements, radicals, and 
their common valence states, refer to table 1. 
Some recent texts express valence without refer- 
ence to algpbraic sign. 

6-8. Oxidation number. When^valence is used 
with refetence to reactions »in which there is a 
loss or gain of electrons, the term "oxidation num- 
ber'* is more meaningful. The oxidation number 
has a positive or negative value, depending re- 
spectively upon whether or not electrons are 
lost or gained .^y the element in the reaction. For 
example, in the reaction bet^^en hydrogen and 
chlorine in the formation of hydrochloric acid, 
the oxidation number of the element hydrogen 
is +1 because of its loss of an electron to chlorine 
in the formation of HCl. The element chlorine 
has in this reaction acquired an oxidation number 
of —1. Thus, we see that the oxidation number is 
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Table 1 

Mr 

The Most Common Valences of Some Elements and Radicals 



A. Positive Valences (Electron Donors) 



+1 



Ammonium NH. 



Cuprous Cu 
Hydrogen H 
Mercurous 
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+2 

Calcium Ca 
Cupric Cu 
Ferrous Fe 
Lead Pb 



+3 

Aluminum Al 
Bismuth Bi 
Ferric Fe 
Nitrogen N 



+4 

Carbon C 
Manganic Mil 



Potassium K 


Magnesium Mg ^ 






Silver Ag 


Manganous lAn 






Sodium Na 


Zinc Zn 








B. . Negative Valences (Electron Acceptors) 1 , 


i 


L ' . -2 


-3 




Acetate C2 


V3^2 Carbonate CO3 


Arsenate 


ASO4 


Bicarbonate - 


- HCO3 Dichromate Cr^O^ 


Nitrogen 


N 



Halogens CI, Br, I, F 
Hydroxide OH ' 
Nitrate NO, 



Oxygen - - O 
Permanganate MnO^ 
Sulfite SOj • 
Sulfate -A SO 



Phosphorous 



Phosphate --^^PO^ 



a dynamic concept which refers to the expression 
of the valence potential of elements in specific 



compounds. For certain elements in pslrticular molecule). 



—2 (one exception is H:.0:., in which 7 electrons 
are associated with the oxygeif portion of the 



compounds, the oxidation number of an element 
may vary. For example, iron with a potential 
valence of +3 has an oxidation number of +2 
when it is in compounds such as ferrous sulfate. 
Since oxidation numbers depend upoi^ how elec- 
trons are associated with the individual atoms in 
the various compounds, some rules may be neces- 
sary to correctly identify the oxidation number. 

6-9. The rules governing oxidation number are 
as follows: 

• The sum of the oxidation number of all 
atoms in a molecule is always 0. 

• Oxygen usually has an oxidation* number of 



• In practically all compounds, metals have a 
positive oxidation number. ' 

f The element hydrogen almost always has an 
oxidation number of +1 because it commonly 
forms compounds with mote electronegative ele- 
ments. Hydrides are an exception tq this. 

• The halogens'usually have an oxidation num- 
'ber of —1* except when they are in combination 
with oxygen. 

• Elements in the free state such as H:^; N:*, 
etc., always have an oxidation number of 0. 

6-10. Symbols and formulas. The significant 
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feature of using atomic symbols such as S for ^ 
sulfur and Fe for iron is that they provide Ihc 
chemist with a shortljahd way to write formulas 
and reactions. When the chemist writes the sym- 
bol Fe, he n^eans 1 atom of iron. The oxida- 
tion state may also be indicated by * the use of 
+ or — sigtis^ as in using Fe+^ to represent tjic , 
ferrous ion, or 4-2 valence state. A subscript 
number after the symbol, as Fe.., indicates ^ 
the number of atoms — in this case % atoms. A 
number in front of a compound indicates the 
number of molecules or atoms. * 

6-11. It is assumed that you are familiar with 
the common symbols which \re used to repre- 
sent the elements. Tfiis informJttion can always 
Jbe obtained from a table of elements, as shown 
in Sectio!^ IB, Handbook of Reference Material. 
The problem, then, becomes how to use such 
symbols in writing formulas. Formulas are the 
combinations of symbols representing com-^ 
pounds. Compounds are named from the for-, 
"mula, and the formula is derived on the basis 
of the- valences of the 2 or more elements en- 
tering into the^ rcaction.N The valences of 2 or 
more elements combinii/g chemically to form a 
compound delermiSme formula for the^cojn- 
pound formed. The compound must be elec- 
trically neutral and, therefore, fnust haVe as ' 
many negative charges as positive. In the reac- 
tion between sodium (Na) and chlorine (CI), 
the sodium ion has a valence of and the 
chlorine ion a valence of ^1. They are equal 
and opposite, yielding 'an electrically neutral 
compound in the ratio of 1:1. Therefore, the 
formula is correct as NaCl. What, then, would 
be the correct formula for aluminum hydroxide^ 
Aluminum has a valence of 4-3 ^d the hydrox- 
ide radical a valence of It is easy to visualize 
that it will take 3 hydroxides to electrically 
balance 1 aluminum. The formula must be 
Al (OH):i. The subscript 3 following the OH m 
parentheses indicates that there are 3 groups. If 
the OH were not placed in parentheses, the v 3 
would appear to belong only, to the H. It is very 
important that radicals be enclosed in paren- 
theses when they are taken more than once. In 
a formula such as the one for aluminum bro- 
mide, where no radical appears, no parentheses 
are needed, e.g., AlBrn. A convenient rule for 
determining what subscripts are necessary m writ- 
ing formulas is the rule of crossing valences. 
Usinl^ zinc chloride as an example, follow the 
steps ^ the problem below. 

Step iVList the valences for the elements in- 
volved. Zin? has a valence of 4-2; chlorine has 
a valence of I. 

. Step 2. Write the formula,, inserting the va- 
lences. ^ 



Step 3. Take the valence of^hc element at the 
left (Zn) and make it the subscript of the ele- 
ment at the right (CI). Iniike manner, take the 
valence of the element at the right and make it 
the subscript of .the element at the left. Thus: 



, Zn,Ch. 

Stdp 4. Since it is understood that simply writ- 
ing the elemental symbol means that 1 atom is 
present, the subscript 1 is omitted. Thus, the 
correctly written compound becomes: ^ 

ZnCL ' 

This rule works for binary and tertiary com- 
pounds alike. A binary compound is formed from 

2 elements; a tertiary compound is formed from 

3 elements and may involve » radicals, e.g., 
Al(OH):i. If both valences are alijce, as with 
Ca-^ + (CO:^)"'', subscript numbers are dropped 
and the compo'und is ^written CaCO:i. 

6-12. It is possible to derive forniulas from the 
gram atorfiic ratio of each elcmenWh the com- 
pound to the gram atomic weight of the element. 
For example, in 5 g. of a compouwjj^ which is 
known to contain sodium, sulfur, and oxygen, 
it is found by analysis that 1.455 g. are sodium, 
2.025 g. are sulfur, and 1.519 g. are oxygen. 
It follows that to calculate the gram atoms (i.e., 
the gram atomic weights) of each constituent, 
' we divide by the re^spective elemental weights. 
The gram^ atoms of sodium would be- 1.455 
divided by 23 (gram atomic weight of sodium), 
or 0.063, There would also be 0.063 gram 
atoms of sulfur and 0.094 gram atoms of oxy- 
gen. The next step would be to find the simplest 
integral ratio by dividing each of these numbers 
by the smallest number. The result would show 
the following. 



.063 
.063 



. 094 
J063 



= 1.5 



The simplest ratio shows 1 unit of sodium, 1 unit 
of sulfur, and 1.5 units of oxygen. Finally, the 
units must all be isxpressed as whole numbers. 
The smallest multiplier to accomplish this is 2, 
resulting in 2 atoms of sodium, 2 atoms of sul- 
fur, and 3 atoms (2 ^ 1.5) of oxygen. The 
simplest formula would then be Na.jSiO:u which 
is sodium thiosulfate. Such a derivation is of 
theoretical importance in understanding how for- 
mulas can be determined from the weight of the 
compound and elemental composition. 

6-13. Chemical bonding. It is acceptable to 
categorically describe types of bonding; ^lowcver, 
it should be pointed out that no compound is 
formed exclusively by one type of bond. In eke- 
trovaient bonding, electrons from the valence or- 
bit are transferred from one atom to ar 
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Figure 4. Electrovalent bonding in the NaCl molecule. 
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compound is formed from the^ elements bound 
together by the electrovaicnt bond. This occurs 
in the reaction between sodium and chlorine. 
Sodium reacts with chloririe to yield sodium chlo- 
ride (NaCl). As pointed out in figure 4, sodium 
has only 1 electron in its outermost orbit; chlo- 
rine has 7. In seeking stability, chlorine needs 8 
electrons^ in the outer orbit. Note in figure 4 
that^ the single valence electron of the ' sodium 
atom is given up and accepted into the valence 
shell of chlorine. The compound formed now has 
^ electrons in the outer orbit and is stable. Ele- 
ments which differ significantly in electronegativ- 
ity values tend to form electrovalent (ionic) 
bonds. 

6-r4. In covalent bonding each atom donates 
1" or more valence electrons to-be shared equally 
by the two. An example of covalent bonding 
is the reaction between hydrogen and chlorine. * 
Hydrogen chloride in the^ure (gaseous) state is^ 
covalent, but hydrochloric acid is an electrovalent 
compound in/ water. An atom of hydrogen re- 
acts with an atom of chlorine to yield a mole- 
cule of HCI: FJgure 5 shows that the hydrogen 
donates 1 valence electron and the chlorine 7 to 
make a covalently bonded stable compound with 
8 electrons' in the outermost orbit. 

6-15. The coordinate covalent bond is essen-* 
tially the same as the covalent bond except that 
1 atom donates all the ejectrons to be shared. 
An example of coordinate covalent bonding is 
represented by the compound formed from sul- 
fur and oxygen in figure 6. In this reaction, the 
sulfur atom provides 2 electrons to each of 3 
atoms of oxygen. But only 1 oxygen atom con- 
tributes electrons to ^the octet of the sulfur va- 
lence shell. A compound with 8 valence elec- 
trons in the outer rings, sulfur trioxide, is formed 
by coordinate covalent bonding. 



6-16. The way in which charges ^rc distribiited 
about the center of a*moIecule determines po- 
larity of the molecule. In effect, any bohdi^g 
in ^hich the sharing of electrbns is unequal is a 
polar bond. Molecules with 2 centers of charg^^ 
are calle^dipoles; If the 2 atoms of a 'diaiQi^ 
molecule are alike!, , the molecule is nori|^ol|S|j 
the 2 atoms are not alike, the molecule is^ol 
but if there ai^e more than 2 atoms, it is,^not 
simple to. predict polarity. This is true because 
charges may cancel each other. Polarity corre- 
lates with the, scale of electronegativity in that 
the farther apart on the scale^ the atoms are, the 
more polar the bond between them. 

6-17. Chemical Eq^i^ns and Reactions. As 
noted above, a che^^aiequation is a shorthand 
notation used byfcfiemist^ to describe a chemical 
reaction. You might compatie these equations 
with the stenographer's shorthand script since 
they simplify and communicate an idea. It is not 
necessary that an equation contain complete in- 
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Figure 5. Covalent bonding ipH^e HCI molecule. 
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Figure 6. Coordinate covalent bondinf in the SOa molecule. 



formation about a reaction. The more common 
reactions may be grouped according to the prod- 
ucts they form, and some general statements may 
be made concerning these types of reaction^. 

6-18. Types of reactions. The first type of re- 
action is the combination reaction. The general 
equation representing combination reactions is: 
A + B AB. A specific example of the 
combination reaction is the formula for a metaV 
reacting with oxygen to yield a metallic oxide: 
2Mg ^ ^ 2MgO. ^ 

6-19. The general equation representing de- 
composition reactions is AB A + B. The 
following reactions are representative examples. 

CaCO. CaO + COi 
Ca(OH)» CaO + H.O 
2KCIO:. 2KC1 + 30. 
H.CO. H.O + CO. 
2HgO 2Hg + 

The general equation for a sihgltf- displacement 
reaction is A + BC AC + B. A more spe- 
cific example \% the reaction between zinc and 
copper sulfate: 

Zn + CuSO, ^ ZnSO. + Cu 

In this type of reaction, a more active metal 
replaces a less active one. 



6-20. The general equation for the double' 
displacement reaction is AB 4- CD AD + 
CB. A more specific example is the reaction 
whiclv dccurs between barium chloride and cop- 
per sulfate: 

BaCfh + CuSO, ^ BaSOi + CuCI= 

This double displacement reaction is the most 
commonly occurring reaction. A double displace- 
ment reaction can be further subdivided intb 
classes, of which tht three most common arc" 
acid-base, precipitation, and oxidation-reduction. 

6-21. An acid reacts with ^ base to give a 
salt and water.^ Example: 

HCI + NaOH Nad + H.O 

Precipitation is the throwing out of solution of a 
substancQ, usually a solid, as the result of some 
physical or chemical change having taken place. 

6-22. In the precipitation reaction, ^soluble 
substances in solution react to form 1 or more 
insoluble substances which precipitate from solu- 
tion and settle. This is indicated in an equation 
by an arrow pointing (downward after the for- 
mula for the precipitated material. ^ 

BaCl, + ll?a.SO. BaSO, 2NaCl 
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6-23. You have., probably always thought of 
oxidation as the phenomenon which takes place 
in the rusting of iron or the burning of combus- 
tibles, when a substance chemically combines 
with oxygen. Actually, oxidation includes any re- 
action in which an atom or ion loses electrons ^ 
and, therefore, gains in positive valence. Reduc- 
tion is the opposite, and results in a gain in elec- 
trons and a loss of positive valence. Oxidation 
and redaction occur simultaneously, never sep- 
arately. Let*s look at some of the possible va- 
lence states of sulfur, both in its elemental state 
and as a compound. The valence of the sulfur 
' is shown under the element or compound. 

< Oxidation Reduction > 

SOn SO, S H.S 

+6 -(-4 O -2 

6-24. In the above illustration, the arrows 
point toward the direction of the reaction. Going 
from-^right to left (from H^S toward SOj), oxi- 
dation is occurring. Going from left to right (SO3 
toward H2S), reduction is occurring. You can 
see that sulfur dioxide (SO2), in going to sulfur . 
tmoxide (SOa), presents a gain in valence or d 
loss of electrons, and is — according to our defi- 
nition—oxidized. Going from elemental sulfur (S) 
to hydrogen sulfide (H^S), there is a loss of 
valence or a gain in electrons, and the sulfur is 
reduced. 

6-25. The processes of oxidation and reduc- 
tion are reactions and can better be illustrated 
by using equations. We are considering oxida- 
tion-reduction under double displacement reac- 
tions, even though single displacement reactions 
are all redox reactions. (Redox is a commonly 
used abbreviation for reduction-oxidation.) Fol- 
low the equations below and see what happens 
during a single replacement reaction. 

Zn -(- CuSO. -> ZnSOi -h Cu 

Elemental zinc has no charge. In the copper sul- , 
fate molecule, copper has a valence o( +2 and 
sulfate a valence of —2, thus giving fee molecule 
electrical neutrality. Zinc sulfate in the product 
combines zinc with a valence of ,+2 and a 
sulfate with a valence of -2. The elem^tal cop- 
per formed has a valence state of 0, since it is 
elemental and neutral. This can be represented 
in. the following manner so that the whole pic- 
ture is clearly visible at one time. 

Zno -h Cu + ^so^-^ -> Zn+ssOj-- -h CU» 

Zinc has gone from a valence state of 0 to a 
valence state of +2. 

6-26. Writing equations. Once the chemist 
knows the typjC of reaction that is taking place 
and is able to express this in symbolic terms, he 
is, in effect, writing an equation. Because of -the 
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basic fact that in a reaction, matter is neithejr 
created nor destroyed, equations must balance. 
That is, the total number of' atoms of each ele- 
ment on the left must equal the total number of 
atoms of each element on the right. Further, the 
net charge on the left must equal the net charge 
on the right. Practice in writing and balancing 
equations can be achieved by referring to prac- 
tically any basic chemistry textbook. 

6-27. Chemical equilibrium. Some chemical 
reactions are thought to be irreversible. For 
example, magnesium combines with oxygen to 
form an oxide, but the reverse of this reaction 
has not been observed. Other chemical reac- 
tions are reversible, either completely or incom- 
pletely. In the case of sulfur dioxide combining 
with water, the formation of HsSOa and the 
reverse reaction occur simultaneously. This is in- 
dicated by a pair of double arrows as: 

SO, -h HaOf^HsSOa 

Certain factors affect the rate of a chemical reac-. 
tion and' disturb the equilibrium. 

'6-28. LeChatelier's principle states that a sys- 
tem in equilibrium wUl ^eact to a stress by estab-"^ 
lishing a new equilibrium. Some, of the factors 
which may affect the equilibrium are light, pres- 
sure, temperature, and catalysts. The addition 
of heat will speed up a reaction only if the 
reaction is endothermic; i.e., absorbs heat. In 
other words, the equilibrium of a reaction will be 
shifted in the direction which absorbs heat if 
heat is applied. Some reactions are accelerated by 
the addition of light energy. It is for this reason 
that reagents are kept in brown bottles. The addi- 
tion of pressure applies to gases, based on a 
corresponding volume change in the re^ctants or 
compounds formed. 

6-29. The effect of catalysts is of greater in- 
terest to the clinical chemist than many other 
factors which affect a chemical reaction. A cata- 
lyst is a substance which speeds up or slowis 
down a chen^igal reaction without being changed 
itself. Enzymes all fall into the category of bio- 
catalysts. 

6-30. In addition to the factors mentioned^ the 
concentration of the reacting substances influ- 
ences the rate of a chemical reaction. Upon 
reaching equilibrium, if the concentrations of the 
substances |5roduced are multiplied together and 
divided by the product of the initial or unreacted 
substances, the expression is termed the ''equi- 
librium constant." When the equilibrium constant 
is applied to an ionic equilibrium, it becomes the 
ionization constan^. The value of this constant 
or ratio will depend upon 'the nature of the reach- 
ing substances, but it will be independent of the 
various concentrations. Besides ionization con- 
stants there may also be expressions of solubility 

' 28 



product constants, hydrolysis constants, and other 
constiCnts. When two reactants, A and B in ^ 
reversible reaction, form products C and D, the 
equilibrium constant is expressed mathematically 
as follows: 

[CI IDl _ 
[Al IBl - 

The expressions in brackets represent molar con* 
centrations of the reactants and products of the 
reaction. Although values of these expressions 
may vary, the relationships to one another un- . 
der conditions of the equilibrium remain con- 
stant. T^<^alue of using such an equilibrium 
constant to calculate' molar concentrations is ap- 
parent 

6-31. Acids, bases, and salts. An acid is any 
substance which furnishes hydrogen ions in^solu- 
tion to a/s:oncentration greater than 1 x 10^'' 
moles pcr^ter. A mole is defined as a gram 
molecular weight (We shall discuss this area in 
greater detail in another chapter.) An acid is 
said to be strong if it is highly dissociated, andi»^ 
weak if it is only slightly dissociated. By dissoci- 
ation we mean the phenomenon whereby atoms 
of^ compound separate from each other as 
ion's in solution. The Bronstcd-Lowry concept 
emphasizes the nature of the solvent and de- 
fines an acid as a substance which can increase 
the hydrogen ion concentration, rather than 
restricting the definition to compounds which 
contain hydrogen ions. This broader definition 
includes substances which ^ react with water to 
produce hydrogen. An example is carbon diox- 
ide, as shown in the following equation: 

CO. -h H.O Hr-h HCO:j- 

Another example is aluminum chloride, which 
furnishes hydrogen ions as follows: 

AICI:, + 3H.0 ^ 3H^ + 3Cl- + AlOH^ 

Except in the context of the Bronsted-Lowry 
definition, aluminum chloride is not usually con- 
sidered an acid. 

6-32. Acids have the following common prop- 
erties: they usually have a sour taste, affect some 
indicators, neutralize bases to form salts, react 
with some metals to form salts, react with some 
metallic oxides to form salts', react with carbon- 
ates to form carbon dioxide and water, and are 
usually (but not always) soluble in water. Gen- 
ei:ally, acids may be prepared by the following 
methods: 

• Reacting water with a nonmetallic oxide. 

CO, + H.O H.CO. 

• Reacting sulfuric acid with the salt of the 
acid. 

HaS6. -h NaCl NaHSO. + HCl 



• Direct combination. 

H. -h ci^ :hci 

Acids may be classified in accordance with the 
number of hydrogen ions (protons) furnished 
by each molecule. Monobasic acids give 1 proton 
or hydrogen ion per molecule. Examples: HCl, 
HNOa. Tribasic acids give 3 protons or hydro- 
gen ions , per molecule. Examples: H3PO4, 
HaB04. The term •*polyprotic" pertains to acids 
which furnish more than 1 proton per molecule. 

6-33. A base is a substance containing the. 
hydrpxyl (OH) group which, when dissolved in 
water, forms no negative ions other than OH~ 
ions. Bases are proton acceptors. Sodium hy- 
droxide ionizes in water solution to Na*^ and 
OH-. The only negative ion is the hydroxyl ion. 
When acids and bases react in a reaction called 
neutralization, the proton (H+ ion) reacts with 
the proton acceptor (OH- ion) to form water. 
Bases have the following common properties: 
those that are soluble have a bitter taste, solu- 
tions feel slick and slippery like soap, and basic 
solutions affect some indicators, react with acids 
to produce salts, and react with nonmetallic ox- 
ides to form salts. Generally, bases may be pre- 
pared by the following methods: 

• Some active metals react with vjater to form 
bases. 

2Na -h 2HOH 2NaOH +^ H, t 

• Some metallic oxides react with water to 
form bases. 

CaO -h HOH ^ Ca(OH)a 

• When salts of calcium, ^ magnesium, and 
iron come in contact with the soluble bases, dou- 
ble displacement reactions occur, forming ' in- 
soluble bases which precipitate. 

FcCLj -h 3NaOH ^ Fe (OH):^ 4. -h 3NaCI 

• Some substances do not have an OH group 
but act as bases. For example, ammonia reacts 
with water as follows: 

NHa + H.O ^ NH»+ -h (OH)- 

Ammonia is considered a base because it fur- 
nishes hydroxyl ions. Actually, once the ammonia 
has reacted with water, it is no longer ammonia. 

6-34. In very brief terms, a salt is formed by 
the combination of any negative ion except 
(OH)- with any positive ion except (H)+. Fo^ 
example: 

NadH ^ HCl ^ NaCl -h H2O 

Sodium chloride is, of course, a salt. Some salts 
are capable of incorporating and splitting water 
by hydrolj^s. Generally, salts formed from strong 
acids ancr strong bases do not hydrolyze, but 
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the compound will be able to enter. The struc- 
ture of organic compounds and the bonding 
they possess is best shown by graphic formulas. 

1-2. Compounds composed solely of carbon 
and hydrogen are called hydrocarbons, and can 
be either straight-chained or cyclic. In thp straight- 
chain group are several homologous series — 
that is, series of compounds differing from mem- 
ber to member by a common increment. By 
substituting an element such as chlorine for one 
or more hydrogen atoms in a hydrocarbon, hy- 
drpcarbon derivatives arc achieved. Carbon tet- 
rachloride, chloroform, and iodoform are im- 
portant examples of derived hydrocarbon^. 

7-3. Aliphatic or open-chain alcohols consist 
chemically of two distinct parts: a hydrocarbon 
chain, often represented generally by the tetter 
R; and one or more OH groups. Unlike the OH " 
group inorganic compoui^dSj^lhe OH of alcohols 
is not a basic or alkaline^bup. Ethyl ialcohol, 
^ isopropanol, glycerin, and propylene glycol are 
examples'* of alcohols. Ethers are dehydration 
products of- 2 molecules o^ alcohols and may 
be either simple or mixed. Diethyl ether is a 
simple ether widely used as a general inhalation 
anesthetic, and is composed of two ethyl groups, 
as shown in figure 8. 

7-4. Aldehydes are oxidation products of pri- 
mary alcohols and arc easily recognized by the 
carbonyl group aiid hydrogen attached to the al- 
kyl radical. Aldehydes are usually odoriferous, 
ranging from very disagreeable to fragrant. Form- 
aldehyde, paraldehyde, and chloral hydrate are 
examples ^^of aldehydes: Ketones are oxidation 
products resulting from secondary alcohols and 



(1) Continuous or straight chain. 
-C-C-C-C-C-C-C-C- 


(2) Branching chain. 

\ 

-c- 

-c-c-c-c-c-c- 

1 


(3) Closed chains or rings. 
CC-C 

c-c-c 


(4) Rings including d^th«r elements. 

IN 



1 Figure 7. Types of carbon chains. 
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those fonned from weak acids and weak bases 
dp hydrolyze. For example, aluminum sulfide, 
formed from a very weak acid and a very weak 
base, hydrolyzes in water solutions as follow^* ^ 

Al^ — • — > ZAl^^-h -f 3S — 
6H0H-^=-^ 6(0H)- 6H^ 

t t 

2Al (0H)3| 3H.S t 

This hydrolysis goes to completion because the 
hydrogen sulfide formed bubbles off and pre- 
vents the reverse reaction from occurring by re- 
moving one of the reactants. Thus, equilibrium is 
not established as would otherwise be expected. 
Composition determines whether the particular 
salt is acid, alkaline, or neutral. Many of the salts 
are white crystalline substances, but the salts of 
certain metals are brightly colored, i 

7. Organic Chemistry 

7-1. Organic chemistry is the study of the 
compounds of carbon— compounds which are 
vital in the composition and function of living 
things. Organic substances may occur naturally, 
be prcpaired by synthesis, or may be semisyn- 
thetic — as is true of the antibiotics. Carbon pos- 
sesses the unique ability to link together (bond) 
to form complex molecules. These molecules may 
form continuous chains, branching chains, closed 
chains,, and closed chains with separating ele- 
ments other than carbon. Figure 7 illustrates 
some of ^these chains. Bonds join the atoms to- 
gether and determine the reactions into which 



H H H H 
II • I 

H-C-C-O-C-CH . 
II II 
H H H H 

Figure 8. Structure of diethyl ether. 

resemble aldehydes inv structure except that they 
have an additional alkyl radical in place of the 
hydrogen on the aldehyde. Acetone is a ke- 
tone; it is illustrated in figure 9. * ■ 

7-S. Esters are products formed from the re- 
action betweA an alcohol and an acid, an acid 
chloride, or aji^acid anhydride. Cholesterol esters 
may be assayed in the clinical laboratory and 
other esters may be used as reagents. Fats and 
fixed oils are glyceryl esters of fatty acids. Waxes 
are closely related to fats and oils, but they have 
high molecular weight alcohols in place of glyc- 
erol in their structure. They arc generally hard, 
:have high melting points, and are not as greasy 
as fats. 

7-6. Sterols are high molecular weight cycliQ 
alcohols derived from a portion of fats. Many 
hormones have a structure characteristic of ste- 
rols. Cyclic structiu-es have three or more atoms 
joined into a closed ring. Benzene, toluene, xy- 
lene, naphthalene, and phenanthrene are basic 
cyclic structures. When a hydroxyl group 'sub- 
stituted ontQ jm aromatic ring, the compound 
formed is not an alcohol, but a phenol. Because 
of the structural similarity, however, many of^ 
their properties are similar. Phenol, resorcinol, 
•thyn[iol, and cresol are significant phenols. Aro- 
matic acids contain an aromatic ring and a car- 
boxyl group. They arc important mainly because 
of the analgesics, antispasmodics, antiseptics^ and 
local anesthetics produced by their esterification. 
Aromatic halogenated compounds such as ben- 
zene hexachloride, DDT, halazone, merbromin, 
isodine, diiodohydroxyquin, and iodochlorhy- 
droxyquin are generally antiseptic in nature. A 
few have insecticidal ability. 

7-7. Amines and amides, the nitrogen-con- 
^ taining compounds, are very important in medi- 
cine and pharmacy because into these classes 



fall the alkaloids, antihistamines, sulfa drugs, bar- 
biturates,* analgesics, and local anesthetics. 
Amino acids are difunctional organic compounds 
containing an amino group and an acid group, 
either carboxyl or sulfonic. Approximately 30 
amino acids are known to ^pian. When 2 or more 
amino acids condense, eliminating a molecule of 
water, a peptide is formed. 

7-8*. Proteins are polymers^ of amino acids. 
They are an important source of food for the 
body and, on digestion, break down into am^no 
acids which can be «^bsorbed into the blood 
stream. Carbohydrates are polyhydroxy alde- 
hydes, ketones, 6r organic compounds which 
yield these subst4aces on hydrolysis. They are 
definite chemical compounds, not merely hy- 
drated forms of carbon. Monosaccharides con- 
tain 3 or more carbons and caimot be hydro- 
lyzed. Disaccharides are made up of 2 molecules 
of monosaccharides and, upon hydrolysis, sep- 
arate into the 2 monosaccharides of which they 
are composed. Polysaccharides are^ore complex 
carbohydrates. Dextrose and fructo^ are mono- 
saccharides ;^sucrose and lactose are aisaccharides; 
and starch is an eXample of a polysaccharide. 
Glycosides are organic conlpoun(k consisting of 
a combination of sugars with hydroxy-containing 
molecules. 

7-9. Steroids are a class of compounds found * 
in both plants and animals. This class includes 
sterols and several hormones covered in Volume 
3, as weU as bile acids covered in Chapter 2, 
Volume 2. 

7-10. Refer to any standard textbook of or- 
ganic chemistry for a complete review of the 
subject and for structural formulas. We shaU dis- 
cuss some of the organic substances, such as 
carbohydrates and proteins, in some detail in > 
Chapters 3 and 4 of Volume 2. 

H O H 
I II I 
H-C^C-C-H 




Figure 9. Structural formula for acetone. 
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Solutions 



You HAVE OBSERVED from your pre- 
vious experience that solutions abound in all 
areas of the clinical laboratory. You should also 
know that while some solutions arc prepared and 
used by any technician, certain standard solutions 
are carefully monitored only by supervisory per- 
sonnel. Did you ever ask yourself why a par- 
vticular solution was so zealously guarded? 

2: Some of this mystery will be solved as you 
realize the nature of solutions. The importance 
of purei accurate solutions cannot ift overem- 
phasized in a chemistry laboratory. In^fact, the 
accuracy of all results obtained by a laboratory 
depends upon reagents which you may prepare. 

3. Quality solutions are not the result of 
magic. They are the culmination of intelligent, 
exacting application of basic principles which 
you can learn. You must know the differences in 
the various percent solutions prepared in the lab- 
oratory. You must precisely deHne molar con- 
centration, normality, equivalent weights, and 
milliequivalent weights. You should^ be able to 
explain pH and to standardize acids and bases. 
What is the concept of a buffer system and how 
does ian indicator indicate? The answers to these 
questions are found in the basic principles of 
solutions set forth in this chapter. 

8. Nature of Solutions 

8-1. As pointed out earlier, chemical reac- 
tions involve the interaction pf atoms. Any mix- 
ture in which the components are present as 
individual atoms or molecules is considered a 
solution. You can see then that as a chemistry 
technician you will be working with solutions. 
You must be thoroughly familiar with the nature 
of solutions and must know how to prepare the 
, various kinds of solution?. This is a very neces- 
sary and important requirement in the chemistry 

laboratory* ^ 

8-2. Terminology. In practical terms, a 
solution is a homogeneous mixture ot two or 
more substances. This homogeneous condition 
distinguishes a solution from a suspension or dis- 



persion is which the mixture is not the same 
throughout. Even though some substances disso- 
ciate into their respective ions, the result is still a 
mixture, and solutions may be considered as 
such. The dissolving medium is termed the sol^ 
vent, and the substance being dissolved is termed 
the solute. Since matter may exist as a solid, 
liquid, or gas, any combination of the three states 
of matter can be thought of as a solution if it 
fits the basic definition. Most of the solutions 
used in a clinical laboratory arc solids in liquids 
or liquids in liquids. If a solid such as iodine 
diffuses into another solid, this combination may 
also qualify as an7example of a solution. Gaises 
can also be dissolved in a liquid to make up a 
solution. This particular type of solution fre- 
quently has a physiological application. It may 
not be readily apparent which constituent is the 
solute and which is the solvent — as, for exam- 
ple, in the case of two liguids. It has been gen- 
erally held by convention that if the solution is 
aqueous, water is the solvent. If water is not 
present, the liquid present in the larger quantity 
is the solvent. 

S^Types. There are various ways to classify 
solutions. One way is in terms of concentration. 
The amount of solute present in a ^vcn volume 
of solution is an expression of concentration. 
There are four major factors which determine 
how much solute will dissolve in a given volume 
of solution. These factors are ( 1 ) the nature of 
the solute, (2) the nature of the solvent, (3) 
the temperature, and (4) (for gases only) the 
pressure. In this discussion we shall not refer to 
pressure, since it applies only to gases. Since the 
nature of both solute and solvent is determined 
by the requirements of the problem, the common 
variable is that of temperature. For most pur- 
poses, .wc can say that at any given temperature 
a solution is saturated if it holds all of the solute 
it can normally contain at that temperature. The 
reason for inserting the word "normally" is that 
it is possible to use a technique which results 
in a supersaturated solution— that is, a solution 
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which contains more solute than it can normally 
contain at that temperature. One such technique 
would be to heat the solution and cool it again. 
If the section is undisturbed, the excess solute 
rcn^iaming in solution causes the solution to be 
supersaturated. The addition of a "seed crystal" 
or a scratch on the inside of the container may 
cause the excess solute to precipitate from solu- 
tion. Heating a solution does not always increase 
the solubility of a solute. Sodium chloride, for 
example, is .only slightly more soluble in hot 
water than it is in cold water. Finally, in de- 
scribing concentration, the chemist refers to an 
unsaturated solution. This is obviously a solution 
which does not contain all of the solute it can 
normally contain at a particular temperature. 

9. Expressions Solution 
Concentration 

9-1. Quantitative chemical analysis requires a 
variety of solutions pf known concentration. How 
accurate these solutions must be depends upon 
how they are to be used. For example, a per- 
cent solution of sodium hydroxide is adequate 
to adjust the pH of a urine specimen^ but a very 
precise normality of the chemical is required to 
standardize an acid. In this section, we shall 
detail the various solution ^concentrations used in 
clinical chemistry. 

9-2. Percent Solutions. In speaking of percent 
solutions, you arc merely expressing parts of 
solute per hundred parts of jinal solution. Ob- 
viously, the term "parts" is not specific enough. 
It may be expressed in weight (as grams, mg., 
etc.) or in volume (as liters, ml., etc.). There- 
fore, it is necessary to specify which of four 
possible condition's exist. The four possibilities 
are'(l) weight in volume (W/V), (2) volume 
in volume (V/V), (3) volume in weight (V/W), 
and (4) weight in weight (W/W). In clinical 
work, weight in volume (W/V) and volume in 
volume (V/V) are the most conmion. It is gen- 
erally assumed that a percent solution means a 
solid in a liquid if the solute occurs as a solid 
in its natural state. Likewise, if the solute occurs 
as a liquid, volume in volume is implied. This - 
assumption, though widely applied, is something 
less than accurate. Acids, for example, are most 
often liquids, but their concentrations are seldom 
expressed on the basis of volume in volume. 
However, if percent is used in conjunction with 
liquid reageiits, including acids, it must be con- 
sidered volumetric (V/Vl unless otherwise spec- 
ified. 

9-3. Preparing V/V solutions. By definition, 
concentration is e^f^pressed in terms of final vol- 
ume of solution, not in terms of the amount of 



solvent. A 10 percent V/V solution is prepared 
by taking 10 ml. of solute and adding enough 
solvent to bring the final volume to 100 ^1. 
(termed q.s. to volume). Any solution propor- 
tional to this would also be 10 percent. For ex- 
ample, there could be 1 ml. in a final volume of 
10 ml., or 100 ml. in a total volume of 1000 ml. 
You need only to set up a simple ratio and pro- 
portion to prepare any other amount of a 10 
percent solution. Since volume varies directly 
with temperature, a solution shoiild be brought 
to room temperature before the final volumetric 
adjustment is made, provided such accuracy is 
required. It is interesting, though not practi- 
cally significant in most situations, that miscibiUty 
or intermingling of molecules of two liquids 
may result in a final total volume which is less 
than the sum of the individual volumes. In di- 
luting a solution to a final volume, this phenome- * 
non is ignored. In pharmaceutickl techniques it is 
understood that 50 percent ethanol means 50 ml. 
of ethanol and 50 ml. of diluent (solvent), 
rather than 50 ml. of ethanol q.s. to 100 ml. 
Such accuracy is not generally required in the 
medical laboratory, though it is true that the 
total volume in this example is a few milliliters 
less than 100 ml. because of molecular spacing. 

9-4. Preparing W/V solutions. In the case of 
dry reagents, it is a relatively simple matter to 
weigh a reagent and dissolve it in a suitable 
solvent When a high degree of accuracy is de- 
sired, a reagent may be desiccated and weighed 
with an analytical balance «^hich can approach 
an accuracy of 2 mg. without technical difficulty. 
First, you should decide the degree of accuracy 
required^ and second, you should prepare large 
enough quandties to minimize enor and achieve 
the accuracy required. You should also be cau- 
tioned that some reagents such as picric acid 
cannot be dehydrated without danger of explo- 
sion. The matter of expressing units of ^ight 
per 100 parts of solution is, then, no problem. 
Of somewhat greater difficulty is the need to 
express liquid reagents in terms of weight. The 
most direct approach is to divide the grams 
needed by the weight of 1 ml. (i.e., specific 
gravity) to convert weight to volume. Obviously, 
it is ^easier to measure liquid by volume than to 
weigh it. Another aspect you must consider when 
determining the weight of liquid is assay value. 
All reagents are not 100 percent pure. To cor- 
rect for this lack of purity, you will need to 
refer to the manufacturer's labeling and, then use 
this assay value as a correction factor. For ex- 
ample, if the assay is 50 percent for a particular 
reagent, it will be necessary to use twice as 
much as you would have used if it had been 
100 percent pure. In other words, it will be 
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necessary to multiply by 100/50, or 2. In sum- 
mary, a formula which can be stated* as follows 
is used; - 



Grams needed 

' sp. gr. - - 



100 



(%punty) j^'^^^ 



=: ml. of liquid reagent 



Percent purity is expressed in the equation as a 
percent figure, not as a decimal. 
Example: . 

How many milliliters of concentrated acetic 
-acid (sp. gr. 1.049 and 99.5 percent purity) 
are needed to prepare 250 ml. of a 10 
percent (W/V) solution? 
Answer: 



25 



10 X 2.5 = 25 g. needed; therefore: 

- 100 



1.049 



99.5 



24 ml. of acetic acid (a 
liquid) are needed 



This typenSf ^problem is quite different from one 
involving simple percentage calculated on a vol- 
ume basis as described in paragraph 9-3. Do 
"you see the difference? 

9-5. Molar Solutions. The sum of the assigned 
weights pf_each atom in a molecule represents 
the molecular weight, or gram molecular weight 
if^expressed^^in^rams. The gram molecular weight 
'of any substance in I L. of solution represents 
a- Innolar solution. Or, we say the solution has a 
molarity of I. For example, a 1-molar Solution 
of copper sulfate (CUSO4) contains 159.6 g. 
per liter. Occasionally, reagents contain water of 
crystallization, and for every molecule of the 
pure compound there are one or more ijiolecules 
of water To expand the example used, copper 
sulfate may be procured as hydrous copper sul-^ 
fate (CUSO4 • 5H:.0). (The label on the bottle 
gives this information.) If you used CuSO» • 
5HoO instead of anhydrous reagent (CuS04), it 
would be necessary for you to weigh out one 
formula weight, or 249.7 g., in order to 'achieve 
a 1 -molar solution. The reason for this is that 
S^nolecules of water for every molecule of cop-^ 
per sulfate contribute nothing to the number of 
co[3r^ ions or sulfate radicals present, but water 
does contribute to the .weight of the reagent. 
Thus, we see that either 1,59.6 g. of CuSO* or 
249.7 g. of CUSO4 • 5H:.0 would make a I- 
molar solution of CuSO^ if expressed as solute 
in I L, of final solution. The symbol for molarity 
is iVf. The actual clumber of molecules in a gram 
molecular weight re 6.023 x 10^**,^ the Avogadro 
number. It has been found experimentally that 
there are 6.023 x. 10-^' molecules in a gram 
molecule or mole, and this number has been an 
important constant in physical chemls^y. It is 
known as the Avogadro constant or TWogadro 
number* y 

9-6. Equivalent weight. The concept of mo- 
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larity i$ based on the weigiit of the molecule 
under consideration and says nothing of the 
combining capacity of- the substance. A more 
useful concept is normality, which is based on 
equivalent weight. Aji _equixalcnt- weight (or 
gram equivaleat weight, if expressed in grams) 
is the molecular weight divided by the total posi- 
tive or negative valence. By the totaf positive 
valence we mean the number of replaceable 
hydrogen ions (or cations); by total negative 
valence we mean the_ number of • refrlac.eahle 
hydroxyl groups (or anions). For example', a re- 
action involving the hydrogen Jons in sulfuric 
acid (HjSOi) would require, that we divide by 
2, since there are 2 hydrogen ions per molecule. 
We may also speak of combining weight or 
equivalent weight of- a« e/tfwiffn/, which is the 
atomic weight divided by the valence. Relating 
this concept to the Avogadro number, the com- 
bining weight either picas' tip or Teleases 6!0235~ 
X 10^^ number of electrons. If, as an^j^^aifiplc, 
aluminum with a valence of +3 reacts with o;cy- 
gcn, each atom of anrnfunlTm^iirTose S 
trons. In a I -molar solution, 3 times the Avo-1 
gadro number of electrons would be released. 
Thus, the weight of aluminum which would re- 
lease ',:t this number of electrons is the gram 
atomic weight. Keep in mind Jhat equivalent 
weight is always expressed witiv respect to one 
of the ions or radicals. In the case of a solute 
which furnishes only twor kinds of ions, the num- 
ber of positive ions equals the number of nega- 
tive ions. If more than two kinds of ions are 
furnished, it is important that it be specified 
which ion is being referred to, based on the par- 
ticular chemical reaction. For example, disodium 
ammonium phosphate (Na.;NH4P04) dissoci- 
ates to furnish 2 sodium ions, I ammonium ion, 
rfnd 1 phosphate radical. Thus, the equivalent 
weight with respect to thc^ sodium ion is the 
molecular weight. In the case of the ammonium 
ion, the equivalent weight is the same as the 
molecular weight of thc-salt because NHr has a 
valence of +1. In spite of this obvious' situation, 
of which double decomposition is an example, 
you may be inclined to believe that equivalent 
weight (and hence normality) has no relation- 
ship^o the nature of the^j^ction. Just the oppo- 
site is true; equivalent weight is a concept which 
takes into account the combining capacity with 
reference to a particular ion. As a final example, 
we might consider the equivalent weight of fer- - 
rous sulfate (FeS04). In oxidation-reduction re- 
actions, its equivalent weight is the same as its 
molecular weight. In double decomposition reac- 
tions the equivalent weight is Vi this amount. 
How significant is this rather confusing point to 
you as a medical laboratory technician? Ordinar- 
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ilyv you are dealing with acids and- bases wherein 
it is obvious that only, two kinds of ions are fur- 
nished. But you need to be aware of equivalent 
weight as an expression of combining weight for 
purposes' of the particular reaction in which the 
chemical is to be employed. 

9-7. Normal solutions. Just as 1 g. 'molecular 
weight per liter represents a Nmolar solution, 
so does 1 g. equivalent weight per litejr repre- 
sent l-normal solution. Normality is expressed by 
a capital In common usage, N/2 means Vi 
normal, N/10 means ]<iu normal, etc. Th^ rea- 
son for using the concept of normality is already . 
apparent to you. A 1-molar solution of sulfuric 
acid (HuS04) contains 2 atoms of hydrogen per 
molecule* and will furnish twice as many hydro- 
gen ions as hydrochloric acid (HQ). Hence, a 

1 - molar solution of sulfuric acid represents a 

2- normal solution, whereas a 1 -molar solution 
of HCl is also a 1 -normal solution. Do you see 
why? 

Example: 

How many milliliters of phosphoric acid 
('H3P04) are needed to prepare a 1 -normal 
solution, using phosphoric acid reagent of 
specific gravity 1.8 and assay value of 80 
percent? 

Answer: J 

_ molecular wt. 98 - ^ 

Grams needed = ^^lence = T °^ 

Using the formula given in paragraph 9-4, wc 



find 



32.7 



100 



would give the millili- 



1.8 80 
ters of phosphoric acid to' be (^iluted to a 
volume of 1 L. for a 1 -normal solution. As 
previously stated, the term ''valence'* in the. 
denominator is synonymous with the number of 
acidic or ionizable hydrogen ions per molecule. 

9-8. Problem Situation No.- 1: Your super- 
visor asks you to prepare 500 ml. :,of a IM 
solution of NaOH. How many gram{5 of .100 per- 
cent chemically pure (CP) NaOH would be, nec- 
essary? . 

9-9. Problem Situation No. 2: Your supervisor 
gives you an assignment to prepare 1 L. of a 
IN solution of HjS04. You fiiid a bottle of 
sulfuric acid with a specific gravity of 1.834 and 
98.0 percent purity. How wo'uld you prepare this 
solution? 

9-10. Solution to Problem Situation No. 1: 
Firsts you find ' tlie gram molecular weight of 
NaOH by adding the atomic weights from the 
periodic table for each atom in the compound. 

22.997 
16.000 
1.008 



Thus, 40.005 is the gram niolecular weight. To 
make a IM solution you would dissolve twice this 
weight, or 80:0 g. in 1 L. of water. Since 500 
cc is L., you can divide the weight needed 
for a whole liter by 2, giving 40 g. to be dis- 
solved in 500 cc of water. 

9-1 1. Solution to Problem Situation No. 2: 
Since normal solutions are based on equivalent 
weights, we must find the gram equivalent weight 
of H:;S04. Again, we add the atomic weights 
for each atom in the compound. 

1.008 

1.008 
32.066 
16.000 
16.000 
16.000 
16.000 



> 



98.082 



By the rules of significant figures, round to 98^0. 
Dividing by the number of hydrogen ions per 
molecule, we have 



98.0 



= 49.0 



Thus,' 49.0 is the gram equivalent weight of the 
acid. To make a IN solution, we can^ use a 
formula like this: 

Normality desired x gram equivalent weight 



100 



specific gravity 



- = milliliters for 1 L. of desired normality 
percent puniy 



Substituting in this formula, we find: 

2 X 49.0 100 100 



1.83 



98.0 



OR 



1.83 



= 54.6 



Th\is, to i^ke a IN solution, you Ayould dilute 
54.6 ml. of the concentrated acid to 1 L. 

9-12. Diluting Solutions. Whenever it is neces- 
sary to prepare a dilute solution from a more 
concentrated one, the following formula holds 
true: 



Where 



40.005 



Ki is the volume of the solution to be diluted. 
Ct is the concentration of the solution to be diluted. 
V i is the volume of the diluted solution, and 
is the concentration of the diluted solution. 

As suggested earlier in paragraphs 8-3 and 9-2, 
concentration times volume is a means of ex- 
pressing the amount, of solute present. For ex- 
ample, in 100 ml. of a 10 percent W/V solu- 
tionv there are 10 g. of solute. Diluting this solu- 
tion merely increases the volume and propor- 
tionally decreases the concentration. The amount 
of solute does not change. If the volume were 
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ERLC 



ERIC 



increased to 1 L., the concentration would be de- 
creased to 1 percent, since the amount of solute 
is stiU 10 g. It should be noted that this formula 
holds true, regardless of the terms used to ex* 
press concentration, so long as Ci and C;* con- 
centrations are expressed in the same terms 
(mg./ml., g./L., etc). 

9-13. The next point involves understanding 
how t^o use the V-C formula. Concentration can 
be expressed in any terms, including those of per- 
cent and normality. With this in mind, let us look 
at some more example problems. , 
Example: 

How many milliliters of 100 percent ethanol 
(absolute alcohol) are required to prepare 
800 ml. of 30 percent? ^ 
Answer: f 
Fill in the values as follows: 

Kx = ? 
Ct = 100% 
= 800 ml. 

Ca =: 30% 



23 
1 



= 23 



Then: 



800 (30) 
100 



=: 240 ml. 



Example: * 

If 200 ml. of QAN sulfuric acid are diluted 

to 1 L., what is the resulting normality? 

Answer: 

Vx =z 200 mK 
Ci = 0.1iV 
K, = 1000 ml. 

= ? 

(200) (0.1) = (lOOO)C 
0.2N = Ct 

9-14. Millicqiiivalent Weiglit. You know from 
previous sections dealing with equivalent weight 
and normality that equivalents are related to 
chemical reactivity in a definite i«oportipn. In 
fact, one chemical equivalent has the same chemi- 
cal reactivity as any other chemical equivalent. 
In physiological chemistiry, this concept is useful 
for calculations involving electrolytes and acid- 
base balance. When expressing the concentration 
of body electrolytes and in dealing with dilute 
solution, the clinical worker uses milliequivalent 
weights (mEq wt.) rather than equivalent weights, 
.The concentrations of electrolytes in body fluid 
are normally quite low so that mEq/L. is a practi- 
cal unit. An mEq weight is yiooo 
equivalent weight or is equal to the millimb- 
lecular weight divided by the valence. In the case 
of sodium, the molecular weight is 23; the equiva- 
lent weight is also 23 because 

Molecular weight ^ • / • u* 

; 2 — equivalent weight 

valence 



The mEq weight is also 23. The equivalent weight 
and mEq weight have the same numerical desig- 
nation because equivalents relate to reactivity or 
combining capacity rather than to weight alone. 
This can be more completely understood by con- 
verting a weight term, 310 mg./lOO ml. of 
sodium, to mEq/L. The following formula will 
make this conversion: v» 

mg. % X 10 mg./L. ^ 

or _g ^ = mEq/L. 



mEq wt. 
310 X 10 
23 



mEq wt^ 
3100 



23 



= 134.8 mEq/L. 



Sodium (Na), potassium (K), and calcium (Ca) 
are electrolytes usually reported in m£q/L. 

9- IS. For purposes of consistency, carbon di- 
oxide aiid chloride (as NaCl) are frequently re- 
ported in mEq/L. along with the other elec- 
trolytes. To calculate CO^ in millimoles/liter 
CmM/L.) or mEq/L., we divide vojumes per- 
cent (voL % ) by 2.2Z6. You will remember that 
1 mple of an ideal gas occupies 22.4- L. at 
standard conditions of temperature and pressure 
(O'^C. and 760 mm. Hg). Therefore, 1 millimole 
(mM) of this gas will occupy 22.4 ml. at stan- 
dard conditions, or 22.4 ml. of CO2 is equiva- 
lent to 1 mM. Since th^ test result is ^in vol. 
¥0 (ml./ 100 ml.), it is also in terms of 0.1 mM. 
If 1 mM occupies 22.4 mL, then 0.1 mM. oc- 
cupies 2.24 ml. The CO2 extraction is from an 
aqueous phase which introduces some water 
vapor to the gas. In addition to this, there is not 
complete extraction of the gas and a part of it 
is reabsorbed into the aqueous phase. All of 
these factors lower the amount of gas in 0.1 
mM to 2.226. This, then, is the derivation of the 
conversion factor for changing vol. % to mM/L. 
or mEq/L. We shall discuss the gas laws in more 
detail in Chapter 1, Volume 2. In the case of 
chloride, as with any ot}ier nbngaseous element, 
multiplying thfe mg-% figure by 10 would result 
in milligrams per liter. Then, dividing by the 
milliequivalent weight of the element in milli- 
' grams yields the number of milliequivalents per 
liter. A difference noted is that chloride is always 
reported as milliequivalents . of sodium chloride, 
which has aA equivalent .weight of 58.5, not 
35.46, which is the equivalent weight of chlo- 
rine. For example, a value of 350 mg-% of 
cfi^oride (as sodiunv chloride) is equal to 
350 X 10 

— — or 59 mEq/L. The same reasoning 

may be applied to other inorganic elements if 
desired, keeping in mind that respective equiva- 
. l^t weights differ. Actually, inorganic phosphorus 
presents a problem in this regard. It exists in the 
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senim |iaa HPO4 — aad HaP04"-, with about 
20 pei]tent of the latter. For this reatoOt the 
atomij^ weight is usually divided by l.S^ fot by 2 
to oblfam the equivalent weight of ph<»phorus. 
This /^factor of 1.8 corrects for the fact that 
pho^lfhorus exists in the buffer fonns men* 
doned/wjiule at die same time it convert atomic 
wti^t to eciuivalent weight The fact that phos* 
phoi^ exists in more than one valence state need 
not; enter into die calculation if the result is 
rmorted in mg»% or mM. In order to report the 
r^t In niilUmbles per liter, the mg*% value is 
multiplied by 10, and dien divided by 31, which is^ 
the atomic weight of phosphorus. 

10« Hydrogen and Hydroxy t 
Ion Concentration 

10*1. ^You have had some experience with the 
hydrogen ion concentration and buffer systems, 
llie routine urinalysis always includes a pH de- 
terminadon. As you know, standard acids and ^ 
bases are indispep^ible reagents ul any chemistry 
laboratory. Also, because of ther essential rela-- 
donslqp of pH and buffer systems to the study 
of enzymes, you must understand these factors 
to appreciate ait enzyme system* UrinalysiSt stan- 
dard adds, and buffers are not unfamiliar terms 
to you. It remains, then, for you to become 
more fomiliar with some of the implications of 
diese terms. This section will define pH, standard 
acids and bases, and buffer systems and discuss 
some of the relative considerations. 

10-2. pH» The term *^K^ is taken from an ex- 
pression which literally means presence of hydro* 
gen. This,, in effect, is a' definition of pH, for it 
is an indication of the hydrogen ion concentra* 
tion of a solution. As a means of relating changes 
m hydrogen concentration in small meamngful 
numbers, the Danish scientist, Sorensen, devised 
die pH scale in use today. This scale runs from 

0 to 14^ a pH of 14 being one in which the 
hydrogen ion concentration is 1 x 10^^^ moles 
per. liter. A pH of 7 is considered neutral^ be- 
cause the concentration of hydrogen ions which 
pure water fumtshes^ upon dissociation is 

1 X 10-^ moles per liter.^ Table 2 shows die 
pH scale m relation to the moles per liter ion 
concentration. In mathematics, an exponent to 
die base 10 is a loggridun. It is, dietefore, also 
possible to write pH as a minus log of the.hydro- 
gen ion concentration, or in symbols pH = 
-log [H+]. Remember diat concentrations in- 
closed in brackets symbolize moles per liter. A 
knowledge of logantiims ^akes it possible to 

M X lO-« ii atw comnl^itoii oI hydnnyl iom u a diMo* 
ciaxUm prodKt of pm waiw. Slim tte hydrotn aad Aydroxyi i6a 
coMfitntloai an equal. Um la aintfaL 



Table 2 

pH Soajs RsLATEO TO Ion CoNcsmiuTiON 

Ion Con* OH Ion Con* 



£H . 


centration 


centra tion 


0 


I X lo-o 


1 X 10-^^ 


I 


I X 10"^ 


IX 10-13 


2 


I X 10*^ 


* . 1 X 10'^^ 


3 


I X 10"^ 


1 X 10'^^ 


4 


I X 10-^ 


1 X 10-10 


5 


I X 10-5 


1 X 10-9 


6 


I X 10-^ 


1 X 10-^ 


7 


I X 10"^ 


1 x^io-"^ 


8 


I X 10*® 


1 X 10-^ 


9 


I X 10 


1 X 10"5 


10 . 


I X 10-10 


IX 10--^ 


II 


1 X lO'^l 


1 X 10-3 


12 


^ X 10"^^ 


1 X 10-2 


U 


1 X 10*^^ 


1 X ro'V , 


14 


1 X 10"^^ 


1 X 10-0 



convert pH to moles per liter, or moles per 
liter to pH. 

10-3. Indicators. Chemicals which vary in 
color, depending upon the hydrogen ion concen* 
tradon, axe known as mdicatora. Note in table 3 
thi^t each of the variomundicators has a pH range 
over which it has a characterisdc color. If sevd^ 
^such indicators are incorporatdl in a paper strip^ 
the result is pR paper commonly used m chemistry 
laboratories. Individually, mdicators are useful 
in that if the pH atjv^hict^ a color change occurs 
is known, an mcUc^r can be selected ta signal 
that ppmt For example, diethylaminoazoben* 
zone (Topfer's reagent) is red below a pH of 2.8 
and sahnon pink at a pH of 2.8 to 3.0. Above 
this it becomes yellow. Hence, Topfer's reagpn^ 
is useful in gastric analysis, dbcussed in a latif 
chapter. The application of electrometric measure- 
ment is discussed in another chapter. 

10-4. Buffers. A buffer is a solution which 
does not change pH upoit the addition of signi- 
ficant quantities of hydrogen or hydroxyl ions. 
We frequendy say buffers resist a change m pH. 
But how, exacdy, is a buffer able to do this? 
The answer depends upon the very nature of a 
buffer. It is composed of a weak add or a weak 
base and the salt of Uiat a^id or base. An exam- 
ple of a buffpr is acetic zmd and sodium acetate. 



i 



1^ 



Tabu 3 
Data on Inoicatoe SoLimoNS 



Acii CO Ba»e 
Color 'Change 



Indicator 



pH Range 



UovU to Prepare 
__i 



Bromcresol green 



3. 8 . 5. 4 



Yellow to green 



7^ 



0.1 ml.. N/20 NaOH, 

q. 8. to 250 ml. with di5t. H^O 



Bromcresol purple 



5. 2 - 6. 8 



Yellow to purple 



0.1 C^nHf 3.7 ml. N/20 NaOH* 
q. 8. to 250 ml. with dist. H^O 



Bromphenol blue 



3. 0 • 4. 6 



Yellow to blue 



0.1 Cm., 3 ml. N/20 NaOH» ' 
q. 8. to 250 ml. with dist. H^O 



Bromthymol blue 



6. 0 - 7. 6 Yellow to blue 



0. 04 Cm. in 1 00 of ab8olute Jb»- 
valcohol 



Congo red 



3. 4 - 4. 5 Blue to red 



0. 5 Gau » 90 ml* water. 10 mL 
95% alcohol 



Chlorophenol red 



5. 0 - 6. 6 Yellow to red 



0. 1 Cm., 4.8 mL N/20 NaOH, 
q» 8. to 250 ml. with diat. ri^O 



Cre8ol red 


7.2 


• 8.a 


Yellow to red 


0.1 Cnu. 9.3ml. N/2aNaOH. 
q. s. to 250 mL with dist. H^O 


Litmus 


4.5 


-8.3 


Red to blue 




Methyl orange 


3. 0 


-4.4 


Red to yellow 


0. 1 Gm. in 100 ml. water 


Methyl red 


4i.4^ 


- 6.2 


Red to yellow 


0. 05 Cm. in 100 mL 50% alcohol 


Neutral red 


6.8 


- 8. 0 


Red to yellow 


0. 5 Cm. in 300 mi; 95% alcohol 


Phenol red 


6.8 


-8.4 


Yello^ :o red 


0. 1 Cm., 5. 7 ml. N/20 NaOH, 
q. a. to 250 ml. with dist. H^O 


Phenolphthalein 


8.3 


- 10.0 


Colorless to red 


0. 1 Gnu in 1 00 ml. 50% alcohol 


Thymol blue 


1.2. 


r- 

• 2.8 


Red to yellow 


0. 1 Gm. . 4.3 ml. N/20 NaOH. 
q. s. to 250 mL with dist* H^O 


Thymol blue 


8. 0 


-9.6 


Yellow to blue 


0. 1 Gm. 4. 3 ml. N/20 NaOH. 
q. s. to 250 ml. with dist. H^O 


Top£er'8 reagent 




- 4. 2 


Red to yellow 


6. 5 Gm. in 100 ml. 95% alcohol 


Thymolphthalein 




- 10. 5 


Colorless to blue 


0.1 Gm. in 100 ml. absolute 
alcohol 



If 31 Strong add is added to the mixture, some of 
the acetate ions will combine with the hydrog^ 
ions to form acetic add, a weaker acid. If a base 
is added to this buffer, some of the acetic add 
will shift to furnish acetate ions and water. 
Graphically, the following represents a buffer 
system. 

Nt+ + Ac- -h HAc 4r^ Ni+ -h H+ +. 2Ac- 
The addition oLhydrdxyl ions or hydrogen ions 
results in equations (a) and (b) respectively. , 
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(a) (OH)- + HAc ► Ac- + H.0 

(b) H+ + Ac- ► HAc 

10-5. A buffer is most efBdent when the con- 
centration of the acid is equal to the concentra- 
tion of the salt This point is referred to as the 
pKa value of a particular buffer and is a charac- 
teristic of the buffer. In other words, at this point 
the addition of hydrogen or hydroxyl ions would 
produce the smallest change hi pH, as shown in 
figure 10. As you can sec in this figure, the mid- 



point of equal molar concentrations of a weak 
acid and salt is indicated as 1 .0. It is impossible 
tq overemphasize the significance of buffers. At 
least a basic knowledge of what buffers arc and 
how they function is essential both in the labora- 
lofy and in the study of physiology. Many, if not 
ail, Jbiological reactions will not occur if tfie pH 
is uncontrolled by a buffer system. Buffers also 
maintain the stability of reagents on the laboratory 
shelf. Some indicators may affect the pH of an 
unbuffered dilute solution. In such cases, electro- 
metric methods are preferred over indicators. If 
a pH meter is unavailable and the solution is not 
buffered, it is desirable to adjust the pH of the 
indicator to the approximate pH of the ^lution 
being measured to minimize** the effect o^he in- 
dicator on the u^nbuffered solution. 

10-6. Standardizing Acids and Ba$es. Ob- 
viously, you need to have a known standard 
from which to calculate unknowns. Assuming 
that you are careful and accurate in your work, 
only one standard (called a primary reference 
standard), either acid or baseil is necessary to de- 
termine the exact normality of all o^er acids and 
bases. A sufficient quantity of 1.0/V acid or base 
can be accurately diluted to OAN and O.OliV 
to satisfy most requirements in the clinical labo- 
ratory. 



10-7. Preparation. Standard acid or base may 
be secured from a reliable commercial source, 
thougl^ some laboratories prefer to prepare their 
own. One solution commonly prepared as a 
standard is lA^ oxalic acid. Oxalic acid is available 
as a pure crystalline substance which can be con- 
veniently weighed and dissolved in pure dis- 
tilled water. It is advisable to use triple distilled 
deionized, water, which is the kind used for in- 
jection purposes, if there is any doubt about the 
neutrality or puritjr of the distilled water available^ 
in rhe hospital laboratory. Compounds often used 
as acid primary standards may be seen in table 4. 
All chemical compounds cannot be assumed to 
be pure enough to use in preparing a standard. 
Sodium hydroxide, for example, contains signifi- 
cant ainounts of impurities, including sodium car- 
bonate. The exact normality o£ sodium hydroxide 
is determined by titration rather than by calculaj- 
tion of weight. For information regarding approxi- 
mate normality of acid and base reagents, see 
table 5. In many procedures, particularly bicar- 
bonate titration, the iiormality must be exact. It is 
well for a technician to be able to distinguish 
situations in which the normality of a reagent is 
critical from a situation such as the BSP .determi- 
nation, where the acid or base used need .not be 
exact. In this way, valuable time will not be 
wasted attempting to achieve * unnecessary ac- 
curacy. All standardized acids and base$ should be 
labeled with the date prepared, and should be 




PH 



Figure 10. Approximate efficiency curve for a buffer of pKia = 3.5 pH units. 
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Table 4 

Some ,of the Acids Used as Primary Standards 




Primary Standard 
, for Bases 


M'olecvilar 
Weight* 


Gram- 
Equivalent 
Weight 


Potassium acid ' 

phthalate 
C6H4(COOH)COOK 


204.22 


204. ZZ 


Oxalic acid 
<COOH)2- 2H20^ 


126. 07 ^ 


/ i 

63.J935 


Potassi\un bitartrate 

(COOH. CHOH- CHOH- COOK) 188. 176 


188, 1^6^ 


♦Always refer to label on 


reagent bottle; 





S3 



checked as often as necessary. Whenever a sedi- 
ment appears in the bottle, or if contamination is 
suspected, the reagent must be evaluated, and 
it is^ quite likely that it must be replaced, A com- 
mon source of contamination results from the use 
of a contaminated pipette. Other common sources 



of contamination are created when stoppers are 
switched and when stoppers are placed on dirty 
surfaces. The philosophy that reagents are jaccept- 
able as long as controls are within range is not 
sound. We shall explain this more fully in Chap- 
ter, 6 dealing with quality control. 



Table 5 




* t ^ 


^ Approximate Normality of ^ncentrated Acids and 


Base; 


1 Concentrated 
i Acid 6r Base 


Approj)^ 
Normality 


Ml. Required 
to Prepaire 1 L. 
of a 1 N. Solution 


Acetic acid 


17.4 


58 


Ammonium hydroxide 


14. 8 


68 


Hydrochloric acid 


12. 1 


83 . 


Lactic acid 


11.4 


88 


Nitric acid 


1-5.7 


64 


Perchloric acid 


11. 6 


87 


Phosphoric acid 


44. 0 


23 


Potassivim hydroxide (saturated at 25^C.O 


13. 5 


J5 


Sodi\im hydroxide (saturated at 25^C. ) 


19. 1 


53 


S\ilfuric acid ■ 


36. 0 


28 


28 


4k 
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10-8 T/im//o/tr. The process of neutralizihg an 
acid with a base, or a base with an acid, for the 
purpose of determining^ the 'conpentration of one 
of them, based on a known value for the other, 
is an example of a titration. This is not necesSt^ly ' 
a complete deflnition, because some titrations do 
not involve acids and bases. For example, in the 
chloride procedure of Schales, sodium chloride is 
titrated with mercuric niti^te. However, the prin- 
ciples involved are essentially the same for all 
titrations. An indicator is used to signal, the point 
at which neutralization has taken place. This is 
termed the endpoint It is reasonable that if it 
requires S ml. of an acid of known concentration 
in terms of equivalent weight to neutralize S ml. 
of an unknown base, the concentrations are 
eqpal. This is trae because of the law of combin- 
ing weights, which states that one equivalent 
weight combines with one equivalent weight The 
/ormula applied is as follows: 

Normality o^^ acid x volume of acid =: normality of base 
X volume of base at the endpoint 



Example: 

10 ml. of an acid will neutralize 20 ml. of an 
0. IN baitr What is the normality of the acid? 
Afiswer: 

lac = (20) (0.1) 
X zz 0.2 normal acid 

10-9. Phenolphthalein is commonly used as 
the indicator. The base is most often titrated into 
the acid with a burette or pipette rather than the 
acid into the base. This is done because phenol- 
phthalein is colorless in acid solution, and it is 
considered easier to titrate to a color than to the 
disappearance of a color. Actually, the titration 
can be performed either way. Keep in mind that 
concentration must be expressed in terms of 
nonnality in the titration formula rather than in 
molarity. Do not confuse this formula with the 
K-C formula used in pre^^ing solutions of lesser 
c6ncentra(|bn from solutions of greater concen- 
tration. 
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CHAPTER 4 



Colorimetry and Photometry 



You HAVE REVIEWED basic chemical and 
physical principles in the first three chapters 
of this volume. Before continuing to more ad- 
vanced concepts of physiological chemistry, you 
should have a basic understanding of the primary 
instrument used in quantitative chemical analysis. 
This instrument is, of course, the spectro- 
photometer. This chapter begins with tt discussion 
of the concept of colorimetry or, literally, the 
measurement of color. In the not too distant past, 
color was measured or, more properly, estimated, 
with the rather jaundiced eye of the beholder — 
in this case, a rather subjective laboratory 
assistant. Today this color is interpreted by a 
technician in physical terms of wavelength and 
light intensity: Modem instrumental analysis re- 
quires a greater knowledge of physics and math- 
ematics in order to evaluate chemical methods 
properly. Therefore, these subjects are discussed 
in relation to quantitative chemical problems. 
Because of the importance of analytical instru- 
mentation to the technician, detailed instruction 
is given in the operation and bench maintenance 
of a typical spectrophotometer. The final section 
of this chapter deals with flame photometry. As 
you will learn, this principle of chemical analysis 
is different from absorption spectrophotometry 
but similar in the instrumentation used for quanti- 
tation. 

1 1 . Colorimetry 

11-1. To understand the basic principles of 
colorimetry and spectrophotometry you must be 
familiar with the basic physics of li^t. With this 
knowledge you will understand the theoretical 
basis of photoelectric laboratory instrumentation 
which you use many times every day. Careful 
study of this section will enable you to relate 
what you learn about the physics of light to 
colorimetry and spectrophotometry as it is known 
today, and as it will develop in the future. 

11-2. Physics of Light. An understanding of 
color measurement is necessarily based upon a 
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knowledge of the properties of light, NJost of us 
have seen tife classical picture of Sir Isaac New- 
Ion splitting rays of light into their component 
colors with a prism. Conversely, the bands of 
color, or spectrum, when itcombined form ordi- 
nary whitfc light A prism is a glass or quartz 
wedge which causes the light passing through it 
to undergo a change in velocity. The velocity of 
light through solids varies with the wavelength. 
This results in unequal bending of light rays,, as 
their wavelengths are different for various colors. 
Newton was able to demonstrate this in the middle 
of the 17th century. Today much more is. known 
about the properties of the spectrum, of which 
visible light is one relatively narrow part. Figure 
1 1 shows the relationship of visible light to the 
other known wavelengths of -light energy. The 
concept of color is physical, in that it depends^ 
upon the wavelength. Color as seen by the human 
eye is psychophysical, in that color is a response 
of the brain. Luminous energy, or light, is ex- 
plained as a series of expanding wave fronts. This 
concept of waves was first proposed in 1800 by 
Thomas Young, an English scientist. The fact that 
one light energy can interfere with another light 
energy substantiates the theory that light is com- 
posed of waves of various energies or wave- 
lengths. A wavelength is measured in terms of 
distance between two maximum points or two 
minimum points, as shown in figure 12. Values 
for bands of the visible spectrum are shown in 
table 6. 

11-3. Basis of Colorimetry. In attempting to 
relate concentration of a solution to color, you 
will use Beefs law. This law, combined with 
Lambert's law, states that optical density of a 
colored solution is directly proportional to the 
number of colored molecules or ions in the path 
of light. In other words, the optical density is 
directly proportional to the concentration of the 
substance being measured. The substance being 
measured is presumably responsible for the color 
as a result of the chemical principle of the partic- 
ular test. It is obvious that by varying the depth 
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of the solution through which light passes, the 
intensity of color is also proportionally changed. 

11-4. In visual colorimetry, the analyst com- 
pares the apparent color of an unknown solution 
,with a standard, or solution of known concen- 
tration. For instance, assume a standard 4 per- 
cent solution of a colored substance such as dye 
is viewed in a tube or chamber 2 nrni. deep. 
You find that it appears to have the same color 
density as a solution of the same substance in a 
chamber 1 mm. deep. The second solution 
(unknown) would, therefore, be valued at twice 
the concentration of the first, or 2 percent The 
Beer-Lambert law is applied in this manner in 
Duboscq colorimeters. Other colorimeters some- 
times provide a prepared visual standard in which 
the depth of the solution is not varied. The un- 
known is merely compared with a chart or color 
code. In a third type of colorimeter, either the 
unknown solution or the standard is diulted until 
colors match, and the dilution factor is applied as 
a means of calculating concentration. Most labo- 
ratories have adopted spectrophotometric analysis 
for routine use; however, the colorimeter is still 
used in specialized situations and in field labora- 
tories. 

11-5. Basis of Spectrophotometry. Photometry 
today usually refers to the electrical measurement 



of transmitted light rather than to visual com- 
parison. The advantages in using a photoelectric 
cell instead of subjective interpretation of color 
intensity add significantly to the precision and 
accuracjcpf a determination. Further, photometry 
can use areas of the spectrum which are invisible 
to the human eye. A spectrophotometer is also 
able to **read out" colors which are invisiblb to 
the human eye. This is done by means of a rea- 
gent blank. A blank solution is placed m the light 
path between the light sources and a photocell, 
with the instrument set at 100 percent transmis- 
sion. This, of course, does not mean that all of 
the light entering the solution strikes the photo- 
cell. It means only that the light which reaches the 
photocell is considered as 100 percent Then, any 
decrease in transmission is a result of the colored 
unknown solution in the light path. This is true 
because a blank contains none of the color caused 
by the chemical reaction. 

11-6. The use of a beam of light that shows 
maximum absorption for color developed by the 
test with minimum absorption for interfering 
colors provides the best index in determining the 
concentration of an unknown. As we stated^ 
earlier, components of the spectrum vary in wave- 
length and are selectively absorbed or transmitted 




Table 6 

Component Wavelengths of Visible SfectrUm 



Color Wavelength Range in Millimicrons 

Red 650 - 760 

Orange 590 - 650 

Yellow 560 - 590 

^reen 490 - 560 

Slue 430 - 490 

Violet ^ 380 - 430 



by a solution according to the color of the solu- 
tion. A red ^lution appears red because it reflects 
or transmits maximum light in the red (650 to 
700 mfi) area of the spectrum. Other wavelengths 
are transmitted to a very Umited degree. From this 
it would appear that an instrument which uses a 
region of the spectnun having a color comple- 
mentary to that of maximum transmission would 
measure maximum absorption. This is indeed true, 
and for this reason spectrophotometers are 
equipped with wavelength selectors called mono- 
chromators. The most common monocbromators 
employ pfisms, diffraction gratings, and inter- 
ference filters. In using a spectrophotometer, you 
should select the wavelength which will achieve 
maximum absorption, allowing for interference 
bands. You can then apply Beer's law which, 
you may recall, states that optical density of a 
colored solution is directly proportional to the 
concentration. The light which passes through 
does not show a linear relationship ^th the con- 
centrates however. We shall describe mathe- 
matjK^ application of this in greater detail in the 
[)wing section. 

[ 1-7. Recent Advances in Photoelectric Instru- 
nents. Some of the latest models of spectro- 
photometers produce results which are recorded 
on a ^^tal counter, tape, or punched card. 
These instruments are expensive, with one well- 
known model selling for $2,500. In 1963, a fully 
automatic commercial spectrophotometer was in- 
troduced which included a turntable that auto- 
matically feeds 60 ^samples into the instrument in 
1 hour. Many later improvements have been 
made. 

1 1-8. Spectrophotometers for infrared analyses 
have been available in clinical laboratories since 
1950. Infrared spectrophotometers can achieve 
greater specificity in identification and resolution, 
although infrared methods are not as sensitive as 
ultraviolet techniques. In addition, water absorbs 



infrared radiation, which means that mixtures to 
be analyzed should be essentially free of water. 
Infrared spectrophotometers are particularly use- 
ful in the analysis of blood steroids and urinary 
calculi. 

11- 9. For highly sensitive studies, clinical lab- 
oratories have used fluorimeters which can detect 
Yio of a part of a certain substances per billion 
parts. Fluorimeters measure radiant energy caused 
by photoluminescence. That is, some compounds 
emit energy after they have absorbed charac- 
teristic radiant energy. Substances measured with 
fluorimeters include vitamins, hormones, trace 
elements, and certain drugs. Fluorimeters are not 
necessarily new in the clinical laboratory, but they 
are achieving wider application. 

12. Calculations and Curves 

12- 1. Most errors in clinical chemistry are made 
in the area of calculations and curves. Many 
of these errors involve simple arithmetic. Ob- 
viously, unless you calculate a result correctly all 
of your diligent work is wasted. If you are one 
of the few technicians who has a phobia about 
math, regardless of past experience, you can 
achieve proficiency by a positive "can do" ap- 
proach to the subject. As a laboratory technician/ 
you are most articulate when you express your- 
self mathematically. In this section you will study 
spectrophotometric calculations and the major 
types of curves. 

12-2. Spectrophotometer Calculations. Visual 
gplorimetry is unlike spectrophotometry in that in 
the latter there is no need to' change the depth of 
solution thrc^gh whidi the selected beam of light 
passes. The concentration of the unknown is re- 
lated to the concentration of the standard, based 
on Beer's law, which is stated mathematically as 
follows: 
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OP. 
OD. 



V = 



(2) (1) 
20 



= 0.1 



where 



OD^ =: optical density of the unknown 
OO. = optical density of the standard 
C. =: concentration of the standard 
=: concentration of the unknown 

The answer will always be in the same terms as 
concentration of the standard. For example, if a 
standard is expressed in mg-%, the value of the 
unknown will be in mg-%'. There are certain 
limitations to this whole concept, however. Beefs 
law is not valid at extremely hi£^ concentrations. 
How do you know at which concentration devia- 
tion will take place? This must be determined 
for each procedure when the procedure is estab- 
lished. Reaction mixtures exceeding the linear 
range in concentration may rarely ^ diluted if 
you expect accuracy. In most cases, it neces- 
sary to repeat the entire procedure iising' a' dilu- 
tion of the original specimen;, this procedure is 
recommended. 

12-3. Another limitation to Beer*s law is that it 
applies only to clear solutions. Turbidity changes 
the linear relationship between color and con- 
centration because light rays are scattered by sus- 
pended particles (Tyndall effect). Concentrations 
of turbid solutions are measured with special de- 
vices or they may be estimated with a spectro- 
photometer. But, strictly speaking, Beer*s law is 
not followed for turbid solutions. If turbidity hap- 
pens to develop along with a color, the test is 
performed again or the solution must be cleared 
by filtration or centrifugation. Returning to Beer's 
law, and assuming that it applies to the particular 
test, you may express C. in milligrams (or other 
units) of standard present As is the case with 
any other statement of concentration, Cg is an 
expression of the amount of solute' present. 
equals the amount of standard in 1 ml. times 
the number of milliliters used in the procedure. 
As stated earlier, C, may be given in mg-%, 
and is arrived at as follows: 

Ml. of std used x mg. per ml. in std x 100 = nig-% 

You would encounter a complication only if, in 
actually performing the test, you used a volume 
of unknown different from the volume of stan- 
dard. You would then need to correct /or the 
difference in*^ volume between the unknown and 
the standard with a "K factor." Mathematically, 
this factor is as follows: 

mi. serum or actual specimen X ml. diluted spec, used 
total volume of diluted specimen 

For example, if 2 mi. of serum are used in pre- 
paring 20 ml. of a protein-free filtrate (PFF), 
and 1 ml. of the PFF is used, the V factor is: 



This V factor is placed in the original spectro- 
photometer formula as follows: 



OD. 



X C, X 



100 



Remember, the V factor is necessary to take into 
consideration any difference in volume between 
the amount of the standard and the amount of un- 
known specimen used in the procedure. 

12^. One final factor enters into the spectro- 
photometer formula. It is quite simple and seldom 
applies. If the final volume of the unknown solij^ 
tion differs from the final volume of the standard 
a dilution factor is supplied. The formula then be- 
comes: 



OP. 
OP. 



X C. X 



100 

V 

final volume of unknown 
final volume of standard 



Usually the unknown is treated exactly like the 
standard and there is no need to correct for dif- 
ferent final volumes. But if the unknown should 
be diluted with an equal volume, for example, 
multiplication of Cu by 2 would correct the 
equation. 

12-5. Problem Situation No. 1: In a BUN 
procedure, the standard consists of O.OS mg. 
nitrogen per milliliter, and 3 ml. are used in the 
test Calculate the C, factor. 

12-6. Problem Situation No. 2: The BUN 
method you are using requires S ml. of a PFF 
prepared as follows: 16 ml. of iV/12 sulfuric 
acid, 2 ml. of serum, and 2 ml. of 10 percent 
sodium tungstate. Calculate the V factor. 

12-7. Problem Situation No. 3: In performing 
the BUN procedure described in the preceding 
two paragraphs, you discover that different final 
volumes of the standard and unknown are ob- 
tained. The final color development mixture of the 
standard is 10 ml. and the final color develop- 
ment mixture of the unknown is S ml. Calculate 
the dilution factor which must be considered. 

12-8. Problem Situation No. 4: The percent 
transmittance (percent T) of the BUN standard 
is 60.25 percent (OD = 0.220). The percent T 
of the unknown is 51.5 percent (OD = 0.2888). 
Using this data and all of the factors calculated 
in paragraphs 12-4, 12-5, and 12-6, determine 
the concentration of the unknown specimen in 
milligrams per 100 ml. to three significant figures. 

12-9. Solution to Problem Situation No. 1: 

C, = 0.05 mg./ml. X 3 ml. 
C. = 0.15 mg. 



# 



12-10. Solution to Problem Situation No. 2: 
20 

K = 0.5 ml. 

12-11. Solution to Proljlcm Situation No. 3: 
final volume of unknown 



Diludon factor (F) = 
F = 



final volume of standard 
5 

10 

F = 0.5 

12-12. Solution to Problem Situatioh No. 4: 



0.288 



X C. X 



X 0.15 .x 



100 

y 

100 
0.5 



X f 



X 0.5 



0.220 

C„ =r 19.6 mg. per 100 ml. 

12-13. Csklibnition Curves. If the dilution fac- 
tor, depth of cuvette, and chemical aspects of a 
procedure (e.g., incubation time) are kept con- 
stant, the standard solution should theoretically 
read the same from day to day. In reality, stan- 
dards are seldom that reliable for all procedures. 
But for the purposes of introducing the concept of 
calibration curves, we shall assume that the stan- 
dard of a particular concentration consistently 
yields a particular optical density reading. A sec- 
ond standard of Vi the concentration should 
read at Vi the optical density, a third standard 
of V4 the concentration of the first should be 
read at V4 the pptical density. As a result, if 
a scries of such standards is charted on graph 
paper, the results will be a straight line for any 
test procedure which follows Beer's law, as shown 
in figure 13. Specimens treated in the same way 
as the standard could be read from this same 
curve. All curves used in the clinical laboratory 
are not necessarily straight line segments. If 
enough points are plotted, a nonlinear curve, 
such as an SCOT curve, is quite useful. This 
curve is shown in figure 14. In fact, you will find 
that enzyme curves seldom follow straight line. 

12-14. A curve in which concentration is 
plotted versus absorption is called a concentration 
absorbance (G-A) curve. The straight line 
(linear^ curve mentioned in the previous para- 
graph and illustrated in figure 13 is a C-A curve. 
It is used in lieu of calculations involving the 
spectrophotometer formula, but it should be used 
with caution, because what holds true under one 
set of circumstances may not hold true under an- 
other. In the case of a curve which does not follow 
Beer's law as shown in figure 14, the mathematics 
involved is too complicated to achieve a reportable 
result effectively without the aid of a graph. Thus, 
we have at least two reasons for using C-A curves. 
They save time and simplify calculations. Used 
properly, C-A curves are of great value to the 



clinical laboratory. The spectrophotometer scale 
is usually calibrated in percent T as well as opti- 
cal density. It is generally easier to read percent 
transmittance, but as stated previously the re- 
lationship between concentration and percent 
transmittance is not a direct proportion as it is 
between concentration and optical density. This 
is because optical density equals the expression 
-log T or log In this respect several factors 
T 

should be noted. 

a. Optical density is synonymous with absor- 
bancy. In the literature of this field, various desig- 
nations are assigned to this value, such as OD, 
D, A^, a^. A, a, or E (extinction'). ^ 

b. Optical density (or absorbancy) is loga- 
rithmically proportional to transmittance or per- 
cient transmittance. 

c. T in this formula refers to transmittance 
and not to pei-cent transmittance^ (percent T). 
Percent transmittance is 100 x r (percent T = 
100 X D. Thts quantity may be referred to as 
T, r„ or /. Thus, it is possible to achieve a linear 
graph if percent T is plotted on semilog graph 
paper rather than on ordinary graph paper (C-T 
curve). Such a graph is just as useful as any 
other type except that semilog graph paper is 
harder to read. It it important to observe that 
labeling of the vertical or y-axis usually begins at 
ten. The midpoint between the lower left-hand 
corner and 20 percent T is not 10, as can be 
seen by a study of figure 15. Errors are fre- 
quently made in labeling the y-axis. 

12-15. Spectral Absorbance (S-A) and Spectral 
Transmittance (S-T) Curves. A spectral absor- 
bance curve enables you to obtain the wavelength 
at which maximum absorption takes piace with a 
given solution. You have just learned that maxi- 
mum benefit is derived from Beer's law if a 
wavelength of maximum absorption is used. In 
a sense, this is a trial-and-error sort pf curve in 
which the optical density (O.D.) is recorded as 
the wavelength is changed |g small increments. 
The wavelength ,at which maximum optical den- 
sity is observed is then chosen as the wavelength 
for that particular determination, providing no 
further correction for interference because of 
natural or extraneous color is required. If per- 
cent ^transmittance is plotted versus wavelength, 
instead of O.D. versus wavelength, an inverted 
curve resalts, but all of the principles are the 
same. Such a curve is called a spectral trans- 
mittance curve. It is not necessary to plot the 
S-T curve on semilog paper because no linear 
relationship is shown. The various points arc 
plotted as shown in figure 16. The purpose of 
the plot is limited to showing the lowest point 
or points of the curve. This is particularly impor- 
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tant if absorption is in the infrared or ultraviolet 
rangd, although S-T curves arc valuable at vari- 
ous wavelengths. 

12-16. Operation of Spectrophofomefer. Cer- 
tain problems arise which Cause significant errors 
with spcctrophotometric detemfmations. First,- the 
electrical supply must not show excessive volt- 
age or frequency fluctuations. The best way to 
avoid "drift" resulting from these line fluctua- 
tions is to supply power from a wet battery 
equipped with a trickle charger. Electronic power 
supplies are available which'^ solve the problem 
of limited line power fluctuations. Second, cu- 
vettes must be property matched. You are fa- 
mUiar with the classification of cuvejtes and un- 
doubtedly realize that yoii should not mix 
categories of cuvettes. Thc^ is no guarantee 
that individual cuvettes of the^ame category will 
match. If two cuvettes vary optically by a few 
percent T, the effect on a determination can be 
quite significant Since you will probably not 
choose to read several determinations in one cu- 
vette, the practice of matching cuvettes would 
be helpful in reducing this error. Care of cuvettes 
is as important as care of the optical components 
of an instrument Finally, as with any instrument, 
a spectrophotometer should not be used with 
blind faith. Optical components may become 
dusty, lamps age, and any number of electrical 
or mechanical defects can affect the accuracy of 
your determinations. Any result, no matter How 
carefully achieved is only as good as the instru- 
ment that is used to attain it 



12-17. We shall discuss quality control in clin- 
ical chemistry in Chapter 6, but quality control 
in spectrophotometry is a necessary part of any 
discission of spectrophotometry. Since the most 
familiar instrument in military laboratories is the 
Coleman, Jr. SpectropI?otometer, we shall dis- 
cuss it in detail in the following paragraphs. 

12-18. Exciter lamp check. The exciter lamp 
must be checked before wavelength calibration 
and before the spectrophotometer is calibrated for 
a specific determination. The wavelength calibra- 
tion alone does not adequately fulfill various 
requirements of a light source. Turn the instru- 
ment on and allow 5 minutes for it to warmup. 
Then, to check the photoceU, exciter lamp, and 
certain other aspects of the electronics system, 
set the wavelength at 400 m/* with the cuvette 
well empty and the galvanometer controls at their 
counterclockwise limits. Cover the cuvette well 
and turn the galvanometer controls clockwise. 
The galvanometer hairtine should go pff scale 
to the right past 100 percent T. If it docs not 
do so, the reason may be failure in the exciter 
lamp, photosensitive cell, wiring, or power sup- 
ply. If the calibration is not within these limits, 
turn the instrument off, unplug it from its power 
source at the connector plug (H in fig. 17), 
^d turn the instrument over gently. Remove the 
bottom metal cover, as shown in figure 17. Lo- 
cate the exciter l^p (A) and galvanometer 
lamp (C). Remove the exciter lamp as follows: 
Step 1. Disconnect the lamp by loosening it 
from the terminals (D). 
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Figure 14. Nonlinear curve as used in enzyme studies. 
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Figure 17^ Bottom view of the 



Step 2. Plaice a SO-cent piece ot another metal 
.disk approximately tlic same size on the three 
spring lamp studs (E). 

Step 3. Place the thumb of your left hand on 
the coin with your index and second fingers un* 
der the lamp arm (F), Use gentle pressure to 
press the. coin i^wn^ releasing the lamp studs 
while restrauiing the lamp arm. 

Step 4. With your ri^t hand, turn the lamp 
clbcitsrtsc as wwed the bottom, to release 
the lamp, (Note that the filament is toward the 
lens system.) 

Step 5. To replace the lamp, reverse this pro- 
cediire using a piece bf lens paper to hold the 
lamp so that fingerprints wDl not be made on 
the lamp surface. 

12-19, When the exciter lamp is removed, 
check it for darkening and frosting and clean it 
with a damp cot^n ball. Replace the lam)? if it 
does. iibt check as being' serviceable in accor- 
dance with paragraphs 12-20, 12-21* and 12-22. 
Always clean a new exciter lamp before installing 
it an<kbe careM not to dirty it. Also, examine 
all ienses and slits for cleanliness. Be very careful 
when cleaning lens surfaces, using a clean piece 



of le^ paper ^^mpened^ with alcohol for each 
lens. Check-theDcuvette Well slit and phototube 
for cleanliness. Do not force any of the mecha- 
nism to reach these surfaces. Use a dampened 
cloth to dust mside surfaces of the case and to 
clean the scale panel (J in fig. 17). After clean- 
ing the exciter lamp and lens surfaces, repeat 
the 400-mft check as given above; If ftis still 
does not check, the lamp should be replaced 
with a new exciter lamp. Thea wavelengdi and 
400-m;t check should be repeated. li^ the check 
is still not satisfacWry, the wiring and j^ower sup- 
ply should be inspected. The photosensitive tube 
may be weak or defective if the wiring and 
power supply are in order* 

12-20. Lamp darkening check. It should be a 
daily routine for you to run a lamp darkening 
check along with an exciter lamp check. First, 
run a wavelength calibration, then change wave- 
length from 610. miL to 590 m/x and reset 100 
percent T, using the galvanometer controls. Npw 
insert a calibration filter again and take a reading 
in percent T. Repeat this procedure to insure the 
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reading. (Note the particular value for this ex- 
citer lamp, when clean and new, in this spectro- 
photometer.) It is a4visable to write this value on 
a label attached to the spectrophotometer. In 
later routine readings, this value for percent T 
must not vary more than ±1.5 percent T from 
the original reading of the new exciter lamp 
when initially installed. If the valjpe exceeds this 
tolerance, remove the exciter lamp and inspect 
it for darkening or frosting. If th« exciter lamp 
can be cleaned, recheck at 400 mfx and run a 
wavelength calibration. A permanently darkened 
laitip sould be replaced and all quality control 
checks rerun. 

12-21. Calibration. A didymium calibrating 
filter is supplied with the spectrophotometer. The 
wavelength to be used and percent T reading 
are printed' on the plastic adaptpr, i.e., A = 
610 m/Di; T = 0.46. Always clean the filter with 
alcohol and cotton before each use. Turn the 
instrument on and allow it to warm up for at 
least 5 minutes. Set the wavelength dial to 
610 mfx. Zero is aligned by turning the cuvette 
holder crosswise in the cuvette well to cut out 
all light. Turn the coarse and fine galvanometer 
dials to their counterclockwise limits. Move the 
plastic galvanometer scale to place the hairline 
on zero. If the scale movement is not sufQcient 
to set zero, very gently move the galvanometer 
adjustment lever to the right or left. Then, move 
the scale panel again for fine adjustment. Set 
100 percent T by first removing the cuvette holder 
from the cuvette well and covering the well. Turn 
the fine galvanometer dial one turn clockwise, and 
turn the coarse galvanometer dial to move the 
hairline (galvanometer index, fig. 17) within ±5 
percent T of 100 percent. Use the fine galva- 
nometel^r fine adjustrnent to 100 percent T. 
Allow the galvanometer to settle for a few 
minutes and observe its stability. If the hairiine 
winders or is very erratic, this is probably a 
result of line voltage fluctuations or a faulty 
power supply. A medical equipment repair tech- 
nician should check both thoroughly. A constant 
voltage transformer will not always stabilize line 
voltage fluctuations. An electronic power supply 
or battery source may be necessary to overcome 
this instrument error. The power source must be 
reliable before continuing with any calibration or 
use of this instrument. After 0 and 100 percent 
T are set, align the calibrating filter in the cuvette 
well. This reading must be within ±2 percent T 
of the inscribed percent T reading for good cali- 
bration. If the reading is not within these limits, 
turn the instrument over, remove the cover, and 
locate the calibrating screw (F in fig. 17) on the 
lamp arm. If percent T value is less than percent 
T inscribed on the filter, turn the calibrating 
screw two clicks clockwise for each percent t 



difference; or turn it counterclockwise two clicks 
^^r each percent T more than th,e calibration 
value. Check the reading again after each adjust- 
ment. Remember to unplug the instrument while 
working inside of it. Also remember that a S- 
minute warmup is required before making a 
reading. After changing the calibrating screw and 
verifying the calibration, run an exciter lamp 
check before you Close the cover. 

12- 22. Figure 18 may be used as a checklist 
in making the exciter lamp check, the lahip dark- 
ening check, and wavelength calibrations. You 
should have a copy of this or a similar checklist 
available whenever you use a spectrophotom- 
eter. 

13. Flame Photometry 

13- 1. It is evident that you will be called upon 
to perform certain procedures on an emergency 
basis. In these instances, you will not be able to 
hesitate or debate the problems at hand. The 
flame photometer is *often required in performing 
emergency and routine procedures. It is impor- 
tant that you feel Confident under adverse, as 
well as normal, working condi^ns. Conse- 
quently, you have a real need to study the prin- 
ciples of flame photometry outlined in this 
chapter. 

13-2. Principles of Flame Photometry. The 

serum, urine, or other spedmen is vaporized b^ 
aspiration into a flame to produce certain colors 
of light. Color which is characteristic of the light 
emitted by the constituent being measured is 
passed through a filter to a photoelectric cell 
where-its intensity is measured. By comparing the 
intensity of emitted light with that of a standard, 
concentrations of metallic ions can be determined. 
This principle is commonly applied to the mea- 
surement of sodium and potassium, as well as 
calcium. Some clinical laboratories may also per- 
form serum magnesium levels, but the signifi- 
cance of magnesium has not yet been adequately 
developed as a diagnostic procedure to warrant 
jjerformance in all clinical laboratories. Further, 
the concentration of magnesium may be too low 
to permit accurate direct measurement. A con- 
venient technique when measuring metallic ions 
in low concentration is to add a known number 
of milliequivalent weights of the ion to the un- 
known specimen. It must be kept in mind with 
all flame photometric determinations that you are 
working with very 1^^ concentrations. A result 
of 4 niEq/L. of potassium, for example, is equiv- 
alent to 0.156 mg./ml. The slightest contami- 
nation can drastically change this result; a few tiny 
flakes of soap powder could easily change the 
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Ixutmf lamp Ch>ck 

a. Passes 100% T. 

b. Does not pass 100% T.^ 

(1) Permaneptly darkened. 

(2) Cleaned and does not 
recheck. 

(3) New lamp does not check* 



c. Recheck weekly. 

lamp Pgrkeninq Chetk 

a. Record % T new lamp. 

hi Checks within + 1, 5% T. 

c. Variation greater than 1. 5% T 
from original value. 

(a) Cleaned. 

(b) Cleaned aiid does not 
check. ' 

(c) Permanently darkened. 

(d) New lamp. 

y d. Recheck daily. 



Proceed with lamp dark, check. 

Check bulb for frosting or 
darkening - clean and recheqk. 

Replace excifer lamp. 

Replace exciter lamp. 

Check wiring, power supply, and 
phototube . 



Run wave-length calibrauon. 

Check exciter lamp f^r 
frosting or darkening. 

Recheck. 

Replace exciter lamp. 

Replace' exciter lamp. ' 

Bun exciter lamp check and 
rejcord % T new lamp. 



Wqv'Len qth Cqllbrqflon 
^ a. Zero set. 

b. lOO^T set. 

c. Filter reading. 



(a) Reads within ^ 2% T. 

(b) Reads outside ^ 2% T. 



(c) Exciter lamp ^nd darken- 
ing check O. K. 

(d) Recheck filter reading. 



Spectral qt£»lity O. K. 

Run exciter lamp -f 
darkening check. 

Change calibration. 



Figure 18. Summlry of procedure to minimize error with the Coleman, Jr. 

spectrophotometer. 
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value of an electrolyte result by iOO percent. For 
this reason, it is advisable to clean all gfassware 
with nonionic detergents which are compounds 
that contain jio metallic ions. They are available 
through commercial sources, and reduce the pos- 
sibility of adding sodiuni or potassium ions by 
contamination. Glassware hiust still be thoroughly 
rinsed in deionized water \becausie even nonionic 
detergents* interfer with some stuflies, especially 
blood alcohol analyses. Of course, the water 
must be pure and you should never use your 
finger to stopper a volumetric flask when you 
are diluting specimens. \ 

13-3. Always keep the p^rts of a flame pho- 
tometer clean and free frotn atmospheric con- 
tamination. Perhaps you have observed how a 
Bunsen burner will glow brightly when a deter- 
gent or dry bacteriological nledia arc dispensed 
in the vicinity. The same effect is produced with 
a photometer /flame in a cpntaminatcd atmo- 
sphere, and this is a source ' of error. For this 
reason, smoking should be prohibited near an 
operating flame photometer. 1^ the flame cone is 
surrounded by a wire, this screen must riot be 
worn or irregular. A torn screen will cause ab- 
erration of the flame. Operating details for an 
instrument are al\yays available in the operation 
manual provided by the manufacturer of the in- 
strument. Within reason, instructions of the "man- 
ufacturer generaHy take precedence over infor- 
mation in textbooks. One technique which seeks 
to eliminate variables such as conditions of ion 
excitation is called the method of internal stan- 
dards. This method ami^uits to measuring the 
unknown emission line With respect to that of a 
knowil standard spectral line. The use of inter- 
nal standards becomes quite involved and has 
its limitations. However, it does eliminate some 
of the disturbing influences on flame photometry^ 
The use of these standards is not to be con- 
fused with the use of ordinary standards for 
determining unlpown^. 

13-4. Components of Flame Photometers. The 
flame must be supplied with fuel of constant 
pressure by means of pressure regulators. The 
oxygen tank is usually equipped with a needle 
valve for this purpose. This valve should l?c 
handled with reasonable care. A second com- 
ponent of the flame photometer*;^ an atomizer, 



which aspirates the specimen into the flame. 
Most atomizers consume from 1 tp 2 ml. of 
sample per minute. A third component is the 
burner itself. The flame should burn evenly and 
not strike back or sputter.. ^Particles of dirt are 
most often responsible for uneven burning, as- 
suming that the fuel supply is constant. The 
fourth •'essential component of a flame photom- 
eter is the optical system. Some models do not 
use filters to isolate the characteristic band ,of 
light; instead, they' employ a monochroniator 
system and a more sensitive photodetectpr. 
These instruments are generally more expensive 
than devices with glass filters, but they, are more 
selective and can be used with metallic ions for 
which filters are not suitable. A fifth component 
of the instrument is a photosensitive detector; its 
purpose is to measure the intenslty of the emitted 
band characieristic of the constituent being mea- 
sured. This may consist of a simple phototube or 
a photomultiplier tube. F.or research use, parti- 
cularly in work with lithium, cesium,' and rubi- 
dium, the photomultiplier type is preferred. The 
last component is the indicating device. Most often 
this is a galvagometer with a light indicator, 

13-5. M^cfaahism of Spectrum Production. 
Upon being atomized into a flame, water Evap- 
orates from the sample. Solid particles which are 
left then bura or decompose. Both vaporization 
and ionization of the elements may occur. The 
heat energy of the flame "excites" the atoms or 
molecules. This phenomenon is actually one of 
raising the electrons to higher energy levels. This 
.energy is then given off as radiant energy when 
the electrons return to their former energy levels. 
For molecules, there ^e additional energy con- 
siderations which must be taken^into account in 
explaining the spectrum. Finally, there is a spec- 
trum resulting from the flame fuel itself and the 
fuel-oxygin ratio. The fuel is usually selected in 
accordance with the analysis to be performed. 
The use of oxygen significantly increases the 
temperature of the flame. For example, the maxi- 
mum temperature for illuminating gas in aiflis 
approximately 1700° C, whereas in oxygen it 
is 2700° C. Appropriate care must be taken in 
the use and storage of oxygen because it has 
the pfroperty of supporting combustion although 
it does not burn itself. 
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|HAPTER 5 



Specimen Collection and Preparation 



THE TESTS YOU will perform in the labora- 
tory will be of absolutely no value if you do 
not have adequate or suitable specimens. In most 
cases, it is your responsibility to secure the speci- 
men, or at least to provide instructions for wl- 
lecting it In dealing with patients, you shoulcTbe 
thoughtful and professional in your approach; 
however, with specimens an objective impersonal 
approach is called for. This approach enables 
you to serve the needs of the patient best by 
providing reliable laboratory data useful to the 
clinician. 

2. The type of anticoagulant you use, the type 
and quantity of specimens to cqllect, and the 
way to handle the ^specimens are all points of 
technical importance. For example; a specimen 
fbr blood glucose which has been allowed to re- 
main at room temperature may deteriorate from 
an abnormally high value to a normal or an 
equivocal value within hours. An erroneous re- 
sult is of far less value, to the physician and is 
far more harmful to the patient than no result 
at all. To b& proficient in this career field, you 
must have the facts as well ^s the will and ability 
' to use themJ^You do not work efficiently from 
habit or administrative discipline alone. With a 
thorough working knowledge of specimen re- 

y quirements, you will be able to fulfill a funda- 

mental requirement essential to providing reli- 
able laboratory data. Patients should not be 
inconvenienced without good cause. As a com- 
petent technician, you should keep to a minimum 
reports of "q.n.s." (quantity not sufficient), "spec- 
imen broken," etc. Of course^ jthere are times 
when another speciipen must be obtained. How- 
ever, a. technician who knows how to collect and 
handle specimens properly can usually -perform 
the tests required with the least effort and trauma 
to the patient. Whenever a problem arises con- 

, . cernin| specimens, technical ahd medical require- 

ments should be considered before a specimen is 
0 deemed unsatisfactory. Your own ingenuity and 
coordination with the requesting physician will 
often alie^viate difficulties such as specimen in- 
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adequacy without further involvement with the 
patient. 

3. At times you must do more than you are 
requested to do. Your alertness in detecting con- 
spicuous abnormalities, e.g.,' jaundiced serum, 
hematuria, and lipemia,' can be an invaluable 
diagnostic aid. The material presented here 
should supplement your previous training in 
achieving this end. It is also appropriate to re- 
mino^you that you are part of a service, the 
Medical Service of the U S, Air Force. There^ 
fore, you function for the benefit* of others, and 
it is the patient who should be uppertnost in your 
mind. You can perform no hi^er service than 
applying the Scientific skills you have mastered 
in a dedicated and understanding manner. 

1 4. CoTlectTori a TvS^ Preservafion 
of Specimens 

14-1. Before you "begin any test, itj^s necesSary 
to procure a suitable specimen. What is your 
understanding of the term "suitable?" Read the 
following paragraphs and evaluate your concept 
of a suitable specimen. , . 

14-2. Type of Specimen. The procedures which, 
a particular laboratory performs generally dictate 
the types of specimens required. If one labora- 
tory performs serum frog tests and another per- 
forms urinary gonadotropin tests, the specimens 
are obviously difterent, though both are tests for 
pregnancy. It*- is well to know the general ac- 
ceptability of substituting one type of specimen, 
such as serum, for another type, such as plasma. 
It may become a matter of habit to perform a 
procedure such as the urea nitrogen (BUN) test 
on whole blood. If serum is drawn in error, it 
may become routine for the patient to return for 
another venipuncture, when actually serum is 
acceptable^s a specimen. It must be eifiphasized 
again tnat specimen requirements vary with the 
procedure followed by a particular laboratory. 
Ordinarily, serum differs from plasma only in that 
plasma contains fibrinogen and possibly a few 
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factors which disappear from serum during clot 
formation. Except for a slight loss of CO3 from 
serum as a result of clot formation, the difference 
between serum and plasma is negligible for rou- 
tine use. (An exception is the prothrombin de- 
termination, which requires fibrinogen.) Whole 
bloQ^s^ generally used for analyses which in- 
clude alcohol, carbon monoxide, and glucose. 

14-3. AMcoagulants. When using whole blood, 
you must be aware of which anticoagulant should 
not be used. For example, anticoagulants which 
contain ammonium oxalate must never be used 
for urea nitrogen determinations. In the Air Force 
Medical Service most anticoagulants are stan- 
dard and are supplied in tubes which have color- 
coded stoppers. They include lithium oxalate, 
double ^oxalate, EDTA, and heparin. Sodium ci- 
trate may also be used, but it is not the anti- 
coagulant of" choice for most chemistry proce- 
dures, because of the water shift it produces. 
Heparin is an effective anticoagulant, functioning 
by its interference with the production and ac- 
tivity of thrombin. Heparin should not be used 
for sodium determinations because of its sodium 
content There appears to be no objection to 
the use of EDTA except a prolongation of the 
prothrombin time and possibfe interference with 
urea nitrogen determinations. Oxalates function 
by removing calcium from the coagulation pro- 
cess, and are the most commonly used anticoagu- 
lants. There are technical objections to using ox- 
alates, one difficulty is shrinkage of cells which 
results in a plasma dilution. This problem is 
largely overcome with Heller and Paul double 
oxalate, but ammonium oxalate and potassium 
oxalate are not suitable for BUN procedures, 
calcium, sodium, or potassium assays. Lithium 
oxalate cannot be used for calcium studies, but 
it is otherwise generally considered the best 
oxalate to use for clinical chemistry specimens. 

14-4. Drawing and Storing Specimens, The 
widespread practice of drawing blood specimens 
from patients in the fasting state appears more 
difficQlt to explain from a technical standpoint 
than from a standpoint of administrative con- 
venience. Laboratory personnel ordinarily use 
the fasting requirement in scheduling patients 
simply because of this administrative conveni- 
ence. Clinical chemistry has not yet matured to 
the point where it can be stated unequivocally 



dial glucose will lower phosphorus values. If. you 
do not know the possible effects of eating upon a 
particular test, you may feel safer in requiring a 
fasting specimen. It is difficult to understand why 
some laboratory technicians instruct patients not 
to drink water for several hours before drawing 
a specimen, since it is advisable to prevent de- 
hydration which could result from inadequate 
fluid intake. Neither does there seem to be any 
clear purpose for prohibiting smoking before 
drawing blood specimens. A fasting blood sugar 
would obviously be accomplished in the fasting 
state. 

14-5. After a patient has complied with in- 
structions from you, you should proceed to draw 
the specimen. Always avoid hemolyzing the 
blood. The use of wet syringes is conducive to 
hemolysis. However, this may be a hypothetical 
point if your laboratory uses vacuum tubes or 
disposable syringes. Vacuum tubes may cause 
hemolysis if the needle is withdrawn from the 
vein without first disengaging the vacuum tube. 
Blood should never be forced out of a syringe 
through the needle into a container, because 
this causes hemolysis. Excessive withdrawal pres- 
sure on the barrel of a syringe may also cause 
hemolysis. Prolonged use of a tourniquet can 
even alter certain results. 

14-6. Separation of cells from the fluid portion 
should be as rapid as feasible to prevent shifts 
that occur between cells and extracellular fluid. 
For example, a potassium shift would elevate 
the serum potassium level. 

14-7. The best way to store specimens is at 
low temperatures in the dark. Freezing serum or 
plasma is usually acceptable but is not usually 
necessary for brief periods of storage. Nearly all 
enzymes are stable if they are frozen, with the 
possible exception of phosphatases; however, 
freezing followed by thawing and refreezing should 
be avoided. Serum for a cephalin flocculation 
test cannot be frozen because of the denaturing 
effect of freezing upon protein. Light can^ signifi- 
cantly reduce bilirubin and other values, so some 
attention should be given to protecting specimens 
from light. Glucose may be stored at room tem- 
perature for a few hours if protein-free filtrate 
(PFF) is prepared, and if the filtrate is covered 
to prevent evaporation and contamination. For a 
longer period of time, PFFs should be kept 



the extent to which intestinal absorption of food...--r5frigerated. In general, it should be unnecessary 
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interferes with each and every type of test. Cer- 
tainly the pertinence to a particular test must be 
considered, especially when a cloudy serum is 
obtained. Some difficulty has been reported with 
uric acid determinations, and cholesterol is re- 
ported to be elevated following a meal which is 
high in cholesterol. Some chromagens present in 
food may produce icteric serum, and postpran- 
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to keep a PFF longer than 12 hours, but if a 
PFF must be preserved, it can be frozen or 
preserved with toluene. 

14-8. Sodium fluoride is an excellent preser- 
vative for blood specimens, if there is no exten- 
sive bacterial contamination. Sodium or potas- 
sium fluoride is also an anticoagulant if used in 
high enou^ concentrations, but amounts ade- 

56 



quate for anticoagulation produce undesirable 
intracellular and extracellular shifts. Therefore, 
fluorides are best classified as preservatives and 
are used most frequently in conjunction with 
specimens for glucose analysis. Specimens which 
contain fluorides cannot be used for enzyme 
tests^ The. practice of saving clinical specimens 
for several days until they are analyzed invites 
error in most procedures performed in the clini- 
cal laboratory. 

14-9. Area laboratories generally establish 
their own requirements for referral specimens. 
^Whenever a specimen is referred to another lab- 
oratory, it should be labeled with all of the data 
necessary to identify it, the date drawn, and 
preparation details. For example, if a preserva- 
tive has been added, the container should be 
labeled with this information. There is sometimes 
a problem in the stability oV certain specimens 
which may prevent their being referred to an- 
other laboratory. If transportation requires time 
in excess of that which is known to cause de- 
terioration, there is no point in shipping clinical 
material just to secure some type of report. It 
is desirable for the performing laboratory to 
maintain control of specimens to insure that im- 
proper handling or storage has not invalidated 
results. This is not always possible, and it then 
becomes the responsibility of the referring labo- 
ratory to handle materials with a knowledge of 
chemical principles and requirements of the t^st 
requested. If blood, urine, and other substances 
must b^ shipped to another laboratory, they must 
be shipped promptly and HI good condition. 

14-10. Handling CSF in the Laboratory. Just 
before the turn of the century it was discovered 
that spinal fluid could be examined to aid in the 
diagnosis and treatment of disease. Since that 
time it has become quite customary to include 
the analysis of spinal fluid in clinical workups, 
and the number of tests which laboratories can 
perform on spinal fluids is steadily increasing. 
However, spinal fluid is more difficult to obtain 
than most other specimens; and this, conse- 
quently, places more responsibilities on the labo-' 
ratory as far as proper handling ofVpecimens is 
concerned. It is often stressed that spinal fluid is 
highly dangerous material as a potential source 
of contagion to the laboratory technician. This 
popular concept is not entirely wrong, nor is it 
entirely correct, because it overemphasizes the , 
dangers of handling cerebrospinal fluid (CSF). 
Spinal fluid is a source of infection, just as any 
other biological material is, and you cannot af- 
ford to be^,careless with spinal fluid or with any 
other body fluid. Perhaps a general lack of fa- 
miliarity with CSF is responsible for people max- 
imizing its danger and treating it more cautiously 
than they do blood or urine. Rather than stress 
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the highly infectious nature of spinal fluid, it 
would be more appropriate to stress proper han- 
dling to avoid errors or loss of the sample. 

14-11. The eptire reservoir of CSF in the 
body rarely exceeds 150 ml. The physician sel- 
dom obtains more than^ or 10 ml., and he 
usually obtains much lessOiherefore, none can be 
wasted. A physician usually^ submits spinal fluid 
to the laboratory in three lubes numbered con- 
secutively as they are drawn. The tubes are 
numberecf to distinguish the initial tube (which 
is most often contaminated with blood from the 
trauma of the spina) tap) from the second and 
third tubes. The second tube contains less cellu- 
lar contamination and the third tube is for cellu- 
lar analysis of the spinal fluid. If vials come di- 
rectly from the patient's room or from surgery, 
they may not be properiy labeled. In this case, 
the first thing you should do is label the tubes. 
It has become generally accepted that tube num- 
ber 2 is for chemistry determinations. Other 
tubes may also be used for chemistry, if they are 
free of blood. 

14-12. The possibility of cxntrifuging cells from 
a bloody tube and using /the supernatant for 
chemistries is not to be excluded. But it is not 
usually considered acceptable to do so when the 
purpose is to remove a significant amount of 
blood from a traumatic puncture. If a tube con- 
tains blood, it follows that serum will remain in 
the supernatant fluid after centrifugation. This 
fluid could not be used for protein determina- 
tions, and if the ajnount o f bl ood is significant, 
it probably could not be used for oflier tests. 
Cloudy spinal fluid is always centrifuged before 
chemical analysis, but for ^ different reason. 
Most constituents of normal spinal fluid are* rep- 
resented in lower concentrations than they are 
in blood (an exception is chloride, which is 
present in greater concentrations in spinal fluid 
than in blood). Hence, for most tests, serum 
will devate the; constituent being measured. The 
amount of blood present and the nature of the 
test could 'be used to decide whether or not a 
particular determination is valid.' Less than ideal 
CSF specimens (icteric, hemolyzed, etc.) should 
not be indiscriminately discarded without first 
consulting the physician regarding the urgency 
of the case. Although the clinical laboratory 
does not control actual drawing of the specimen, 
you should do everything possible to aid the 
physician. For example, you might insure that 
specially cleaned scrcwcap tubes are used in the 
spinal puncture kit. 

14-13. It will be rare indeed that you will be 
in a positio^^ keep spinal fluid for any length 
of time. Tehran spinal fluid are usually ordered 
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on an emergency basis, or at least with the in- 
tent of receiving the results within a matter of 
hours. Refrigeration is generally adequate limited 
preservation, except in the case of spinal fluid 
glucose. If bacteria are present, a spinal fluid 
glucose will drop markedly in a few hours. As 
stated before, cloudy spinal fluid should always 
be centrifuged. But this will not eliminate bac- 
terial contamination, and the specimen cannot be 
saved as it could have been if it had been sterile. 

14- 14. You will need to know how much 
CSF is required for each procedure, because the 
quantity required is often less than that for blood 
or serum. Some technicians may assume that it is 
just a matter of substituting CSF for serum with 
no change in calculations. This is not so because 
the constituents of spinal fluid are present in 
amounts different from their occurrence in segjm. 
A change in dilution necessitates a corresponding 
change in calculations. 

15. Protein-Free Filtrates 

15- 1. Perhaps you have wondered why there 
are different types of protein-free filtrates (PFF). 
You may have even questioned the necessity of 
a PFF for various tests. The rationale, principle, 
and techi^ques involving PFF are discussed in 
this section. ^ 

15-2._BAtLoiuae lot PFF, The primary purpose ^ 
of preparing a PFF is to remove most of the pro- 
tein from a body fluid so that protein will not 



interfere with the tests to be performed. Prepara- 
tion of a PFF aTso eliminates other interfering 

\substances such as pigments. For example, it is 
known that a high serum bilirubin intensifies 
color in the Lieberman-Burchard reaction for 
serum cholesterol. A simple and convenient way 
to eliminate this problem is to prepare a PFF. 
In other situations, the value of a PFF may be 
less apparent to you. In the Schales chloride 
determination, a PFF is recommended primarily 
because mercuric nitrate can react with protein. 
If mercuric ions react with protein, quantitative 
aspects of a chloride titration can be adversely 
affected. In spite of this fact, many laboratories 
perform the chloride on serum, with reportedly 
good results. As you can see, in some tests it 
is absolutely essential to prepare a PFF. In other 
determinations, preparing a PFF has certain 
technical advantages. Preparing a PFF^kes a 
little time. With the current use of rapid and 
stable precipitating reagents, you would usually 
prepare a filtrate whenever one is recommended. 
For a list of the common filtrates and their 
characteristics, see table 7. 

15-3. Principles of Protein Precipitation. It is 
because of the chemical nature of proteins that 
we shall explain why they are precipitated from 
solution. Proteins are composed of large mole- 

• cules and behave as colloids in solution, or more 
correctly stated, in suspension. Proteins are made 
up of amino acids. At one end of a protein 
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Data on Protejn-F^ee Filtrates 




Method 


Reagents 


Remarks 


Folin- Wu 


10 percent tungstate + 2/3 N 
sulfuric acid 


Not for Somogyi true 
glucose or phosphorus. 


Somogyi 


10 percent zinc sulfate + 
0. 5 N sodium hydroxide 


Not for NPN, phosphorus, 
or uric acid. 


TCA 


10 percent trichloroacetic 
acid 


Preferred for phosphorus 
and O-Toluidine glucose. 


Haden 


^ sulfuric acid +10 percent 
sodium tungstate 


Not for Somogyi true 
glucose or phosphorus. 




Water + 10 percent sodium 
tungstate + 2/3 N sulfuric 
acid + phosphoric acid as a 
stabilizer. Mixed in order. 


Not for Somogyi true 
glucose or phosphorus. 
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molecule is a free amino group, and at the other 
end is. a free carboxyl gtoup. Other groups can 
occur at various places along the chain. This 
results in a ne^ charge density on the protein 
molecule. Whether protein behaves as an acid 
or a base depends upon the pH of the solution 
in which the protein occurs. The solubility of a 
protein depends upon the attraction between 
protein molecules and molecules of the solvent. 
The point at which proteins precipitate from 
solution is determined by charge characteristics 
on the protein molecule; it follows, therefore, 
that a change of pH of the solution would affect 
protein solubility. This basic knowledge en- 
ables us to discuss certain types of precipitating 
substances. 

15-4. Type I precipitation. Miscible solvents 
may be used. The addition of solvents which 
are less polar than water facilitates precipitation 
of protein. They dehydrate protein by competing 
for the water molecules. Alcohols, ether, and 
acetone are typical examples of this group of 
precipitating agents. They are recommended for 
the extraction of cholesterol with simultaneous 
precipitation of protein. 

15-5. Type II precipitation. Insoluble s^\i for- 
mation is a second type of protein precipitation. 
Acid precipitants form insoluble protein salts, but 
whether or not heavy metals combine with the 
carboxyl groups of the protein is less certain. < 
In any case, acids and metallic ions in certain 
concentrations do precipitate proteins dependent 
upon pH. In table 7 you can see three tungstic 
acid filtrates feted — Folin-Wu, Haden, and STA. 
The classic Folin-Wu and Haden filtrates are less 
often used today. The third filtrate is referred to 
as stable tungstic acid (STA^ It has the advan- 
tage of stability for up to three years and as a 
one reagent solution. The Carraway modified 
STA uses phosphoric acid as a stabilizer. Two 
different strengths of STA reagent are used, one 
for whole blood and a weaker reagent for plasma 
or serum. A greater volume of very clear filtrate 
is obtained with trichloroacetic acid (TCA). This 
filtrate is advantageous when only a small quan- 
tity of specimen is available. As indicated in table 
7, TCA filtrates are preferred for phosphorus de- 
terminations and glucose by the o-toluidine 
method. TCA filtrates have a lower pH than 
other filtrates listed in the table and will not 
precipitate the phosphorus with the protein. 
Among cationic precipitants, mercury and zinc 
are commonly used in the form of their salts. In 
this category of filtrates, several other metallic 
ions are also used. Cationic precipitants are more 
successful in removing saccharoids than are pre- 
cipitants such as tungstic acids. For this reason, 
a zinc filtrate (Somogyi) is usually used instead 
of a FoliniWu filtrate for true glucose. On the 



other hand, zinc may interfere with copper ^re- 
oxidation. With some micro methods, the inter- 
ference is signifi^nt, and zinc is not used as the 
precipitant. It must be kept in mind that cer- 
tain components besides protein may precipi- 
tate with various types of precipitants. For ex- 
ample, zinc will precipitate more nonprotein { 
^ nitrogen than will be precipitated by acid rea- 
gents. 

15-6. Performing the filtration. In general, it is 
simpler to centrifuge a specimen than to filter it. 
However, there are many situations in which you 
might prefer to use filter paper. Normally, if a 
filtrate app^rs clear, it is suitable for most tests. 
It' is true that to complex^ly rule out turbidity it 
is not sufficient to merely look at the filtrate; 
however, most technicians accept the visual test 
^ of clarity. If filter paper is used, it is quite im- 
portant that you have a knowledge of filter 
papers. 

15-7. Filter papers vary widely in diameter, 
thickness, and porOsity, and may be qualitative 
or quantitative. Qualitative filter paper is not usu- 
ally used for PFFs. Quantitative filter paper is 
acid-washed by the manufacturer to remove as 
much mineral matter as possible, ^o that when the 
technician uses it no mineral Ithatter from the 
filter paper will contaminate the PFF. Moreover, 
when the filter paper and precipitate are ignited 
and burned, the weight of ash from the filter 
paper should be so small as to be negligible 
for the usual gravimetric determination. Quanti- 
tative filter paper is made in degrees of fineness. 
There appears to Be no conventional method 
of numbering filter paper relative to porosity. 
Generally, a large number designal;es a finer 
filter paper and a smaller number indicates a 
coarser filter paper. In regard to retentiveness, 
your choice of a particular grade of paper is 
governed by fineness of the precipitate. 

15-8. The necessity for careful selection can 
be easily recognized when a filtrate becomes 
cloudy from the passage of very fine particles 
through filter paper pores which are too large. 
Precipitated proteins consisting of large, slimy 
agglomerates should be filtered through paper 
with* relatively large pores. This affords filtration 
without letting any precipitate pass into the fil- 
trate, and is especially useful with a Folin-Wu 
filtrate. A precipitate of medium size, such as 
calcium oxalate precipitated from a weak acid 
solution, may be filtered through paper of mod- 
erately fine texture, whereas barium sulfate, 
which usually tends to give very fine crystals, 
requires a dense paper with small pbrel. The 
denser or finer the filler paper, the slower the 
filtration will be; therefore, a very fine filter* 
paper is used only when there is an actual need 
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fop it. A good point in technique to remember 
when filtering is to always pour the first few 
milliliters of filtrate back into the funnel, as a 
filtrate becomes clearer after a mat is formed. 

15-9. Filter papers must be carefully pro- 
tected from dust and laboratory fumes. They 
must occasionally be checked for contamination, 
especially contaminat ^^ om chlorides and am- 
monia, by running aj^pk] determination. Blank 
determinations are per^mied by substituting dis- 
tilled water for the filtrate. Ammonia interferes 



■ ■ 

with blood urea nitrogen d^ermlnations as well 
as with certain other tests. It is possible that in 
the manufacture of acid-washed filter papers, 
some ammonia salts may remain as an impurity. 
For the above reasons, filter papers used in the 
preparation of blood filtrates for nitrogen and 
urea determinations in which ammonia salts might 
interfere should be washed. You can do this by 
filtering 2/3 normal sulfuric acid several times, 
discarding the acid each time, and then washing 
the paper with nitrogen-free distilled water. 
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CHAPTER 6 



Quality Control 



STANDARDS AND PRECAUBRATED 
curves provide a means of calculating the 
value of an unknown specimen. However, cal- 
culation of a result does not insure the quality 
of that value. There may be a variety of factors 
which ^tend to invalidate the test result. There 
are always problems of reagent instability, con- 
taminated glassware, instrument variation, and 
technician error. Even the most careful and ex- 
periencecf technician is not infallible and is sub- 
ject to certain physical limitations (i.e., subjective 
comparisons of color, meniscus or galvanometer 
readings, pipetting, and others). Unless the doctor 
knows the ^precision of a result, he is not justi- 
fied in accepting it as a basis for diagnosis or treat- 
ment. Yet, it is not possible for a doctor to 
analyze every item of laboratory data for ac- 
curacy, dnd indeed that is not iiis responsibility. 
Rather, you, as the laboratory technician must 
control the, quality of your work within certain 
established limits. 

2. Fortunately U.S. Air Force laboratories 
have always beeu/imder better control than many 
of their civilian 'counterparts because they use 
area surveys, adequate supervision, and rigid con- 
trols. In testimony before a U.S. Senate investi- 
gating committee considering recommendations 
for legislated controls, it was reported that "seri- 
ous deficiencies have been demonstrated to exist 
in the nation's clinical laboratories.''^ Based' on a 
study by The National Communicable Disease 
Center, it was pointed out to the committee that 
''erroneous results are obtained in more than 25 
percent of all tests analyzed by these studies."^ 
In a recent study of 328 neonatal deaths, one or 
more laboratory^actors were identified in 34.5 
percent of the deaths.^ This is incriminatmg evi- 
dence indeed, and no laboratory is beyond the 
problems which exist. ^ 

3. Quality control is an attempt to insure rc- 



^Based on (csdmony (o (he Senate subcommtucc regarding Mcdi" 
cat Restraint o( Trade Bill (S. 260>. 

«Tc$tifnoDy by Dr. David J. Spencer. Director of the National 
Communicable Disease Center to the Senate Committee (ibid.), as 
reported in Medicml News, Vol. U No. 9. Feb. 27, 1967. 

^Dr. Speacer* ibid* 



liability of the tests performed. What possible good 
is a test if the result is inaccurate? Unreliable 
results will mislead the doctor and quite possibly 
harm his patient Both you and the doctor know 
there is always a degree of uncertainty with each 
result obtained. For example, if a cholesterol re- 
sult is calculated to be 200 mg-%, it should be 
understood that it is not exactly 20Q, but may 
vary to some degree. If another, or even the same, 
technician repeats *a test, a slighdy different re- 
sult will likely be obtained. This is where quality 
control comes in. It tells us the degree of un- 
certainty which always goes with a result The 
object of a good quality control program is to 
keep this degree of uncertainty within narrow 
limits. As is the case in industry and in other' 
sciences'^, the clinical laboratory has adapted cer- 
tain statistical procedures which control the ac- 
curacy of results. All data submitted by the labo- 
ratory should be substantiated by sufficient 
statistics to prove that it is within reliable limits. 
It must be accepted that !he worth of a laboratory 
rests on its proficiency and the quality of its work. 
There is no substitute for statistical proof of a 
result. 

16. Essentials for Quality Control 

16-1. You should have been impressed in this 
text and in your daily work with the need for a 
quality control program. Yet you may not have 
realized that quality control is a science in itself. 
As is true in any scienSe, terms used must have 
exact , meanings and the language is principally 
one of mathematics. In this section you will hav 
an opportunity to review the necessary elements 
of a quality control program. 

16-2. Standards and Controls. There is often 
confusion in the use of the terms "standard*' and 
''control." A standard is a sample of exact known 
composition which is used to calculate the result 
of a sample of unknown composition. A prepared 
curve is a graphic representation of a standard 
or series of standard results. The^ value of a 
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standard must obviously meet two basic require- 
ments. First, it must be exact. A range is not 
suitable if the calculation is to result in an exact 
figure. Foi\example, a common ruler may be con- 
sidered a 'st4Pdard. If it is uspd to measure the 
top of a desK^he result is /expressed in terms 
of the known length of the luler, in units such 
as inchest! Suppose you measure the desk at 3 
ruler lengths, or 36 inches. Su^igose the ruler is 
not exactly 12 inches long, but a^oximatcly 10 
to 14 inches. The calculated result would also be 
approximate; the desk you measured could actu- 
ally be 30 to 42 inches long. You can readily 
see why a standard must be exact. Second, the 
standard value must be known. There should 
never be a question in your mind as to the 
value of a standard. If you think that your ruler 
is 12 inches long but do not know this for cer- 
tain, the measurement is also uncertain. Your 
answer should be expressed in a number of signif- 
icant figures commensurate with calculations and 
procedures involved in preparation of the stan- 
dard and in the procedure itself. To expand the 
example of a ruler, you would not expect to mea- 
sure an item to the nearest tenth of an inch with 
a ruler that was not graduated in tenths of an 
inch. It is not always necessary to run a chemical 
standard through all steps of a test. For instance^ 
the final color produced may be compared with a\^ 
color chart or colored solution which would be 
considered the standard. A standard is frequently 
a pure chemical in a suitable solvent and do^ 
not usually contain extraneous material. 

16-3. You have worked with many chemicals 
in the clinical labpj^atory. No doubt you realize 
that there are degrees of chemical \purity, each 
with its own variations. Perl^ps we should clarify 
what is understood by the term "chemical purity." 
We refer to A.C.S. grade chemicals, U.S.P., N.F., 
technical, and reagent grades. Tn addition, there 
are specific ^purity requirements for particular 
chemicals used in specific tests. These terms are 
often confused, so let us first define them. 

a. A.C.S. (American Chemical Society) grade 
is the only universally accepted standard of chem- 
ical purity. This A.C.S. designation is assigned if 
a chemical assay passes American Chemical So- 
ciety specifications for purity. 

U.S.P. (United States Pharmacopeia) is a 
grade designation assigned by the U.S. Phar- 
macopeia Convention primarily on the basis of 
therapeutic value. U.S.P. chemicals usually are 
not of sufficient chemical purity for use as rea- 
gents in clinical chemistry. 

c, N. F. (National Formulary) is also a grade 
designation assigned on the basis of therapeutic 
value, and, thus, is useful in pharmacology. N.R 
grade chemicals are not pure enough for general 
use in clinical chemistry reagents either. This 



designation is assigned by the Committee on 
National Formulary by aujhority of the Ameri- 
can Pharmaceutical Association. 

d. Technical grade chemicals are manufac- 
tured primarily!* for industrial use. This grade of 
chemicals is ofl reasonable purity for commercial 
processes but i^nsuitablc for use in quantitative 
chemistry because of contaminants. 

c. Reagent grade chemicals are chemicals man- 
ufactured for use as reagents. This designation is 
assigned to various chemicals by individual chemi- 
cal companies and the designation may or may 
not meet specific reagent requirements. In some 
cases, a company may certify a certain chemical 
or reagent for use in a specific method of analy- 
sis. This certification- is usually- valid when it is 
made by a reliable manufacturer. It always relates 
to a particular test and does not imply chemical 
purity other than the minimum allowable in the 
specific test procedure. Generally, published 
methods state the chemical purity limitations when 
they are a factor in the reaction. If the require- ^ 
ments are not stated, it is assumed that the most 
pure chemical available will be used. 

16-n4. The two basic types of standards are 
(1) primary standards and (2) secondary stan- 
dards. Primary standards consist of the purest 
form of a chemical substance dissolved jn a suit^ 
able solvent. The lack of contaminants in a pri- 
mary standard is not completely desirable, how- 
ever, because a pure standard does not react 
entirely as a test Specimen which contains in- 
hibitors or other contaminants. Some primary 
standards are available commercially which con- 
tain extraneous substances, but meet the basic 
definition of a standard in containing a pure, 
weighed quantity of the chemical to be assayed. 
Secondary standards are not chemically identical 
to the substance assayed, but they are related 
through some physical or chemical property 
which makes them useful as standards. An ordi- 
nary color comparison chart could be considered 
a secondary standard. It should be reiterated that 
use of a standard in no way verifies or controls 
a result. An accurate standard may be used in 
a manner which results in completely unreliable 
results. For example, if a miscalibrated spectro- 
photometer is used, the quality of the standard 
will be invalidated even though the standard 
is most carefully prepared. The same is true of a 
prepared curve, with the added danger that a 
curve which is not checked each time the pro- 
cedure is performed may not hold under condi- 
tions whidri have changed since the curve was 
established. 

16-5. A control is a specimen of known ap- 
proximate value which is treated in the same way 
as the unknown specimen. The range err value 
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for a control $hould ideajly be close to that of 
the specimen l^ing assayed. For example, a group 
of ,unkpown bilirubin samples with values near 
15 mg-% should be run with a control near iS 
mg-%. One reason is that a control of lower value 
would not prove that a high result could be 
achieved. A controL obviously differs from a stan- 
dard in various ways. Ordinarily, contro} serum 
has properties similar to the properties of the un- 
known specimen. It may contain protein and other 
constituents which are present with the unknown. 
If a procedure calls for pre^ration of a protein- 
free filtrate and the precipitating reagent is not 
working properly, it would Accomplish very little 
to use a control which is free of protein. Further, 
a control is not necessarily assigned a definite 
value, and the constituent being controlled may 
not have been accurately weighed. Where the 
.^constituents of a control specimen have been 
accurately weighed and dissolved in a suitable 
solvent,' the concentrations given are referred to 
as '*weighed-in'* values. However, if the concen- 
trations of constituents are determined from 
pooled samples of unknown concentration, the 
values given for the control serum arc called 
'"assayed" values. Both values depend upon^the 
percent recovery of the specific assay mSinod 
used. Therefore some notice should be taken 
of the method used to quantitate constituents of 
the standard. Ideally, the assay method should 
be the same as the method you wish to control. 
This is not always possible^ but informatioa-can 
be obtained by comparing the confidence limits of 
different methods. Therp should be no doubt that 
standards and contrdfs have different purpo^s 
and cannot be interchanged. If a calculation is 
based on the value of a control, the control does 
not automatically become a suitable standard A 
solution which does, not contain an exact known 
amount of tije constituent in a suitable solvent 
falls short of the ilefinition reserved , for a 
standard. \ 

16-6. Calculating^eslntts. Prepared curves may 
give you a false serise qf security. Analogous to 
the use of a prepared cuiVe is the use of a factor 
which is used knowingly or unknowingly in a 
calculation. The use of a factor is not justified 
unless you understand its derivation. A labora- 
tory which, as a matter of policy, takes a par- 
ticular reading and multiplies or divides it by a 
factor should carefully evaluate its procedures. 
It has always been considered sound scientific 
practice to document every calculation in such 
a way that it can be referred to at any time. The 
use of a neat data sheet is the accepted method 
of doing this. Scraps of paper which are copied 
over and discarded are not acceptable. A techni- 
cian should be in a position to recalculate his re- 
sults or exaiiiine any part of the mathemajtics in- 



volved. Instrument readings should be recorded 
as they are taken. Erasures should not be made, 
because they may make the worksheet illegible. It 
is also possible that a suppbsed error is not really 
an error. An incorrect result should be neatly 
lined through and the correct figure should be en- 
tered. Copying a data sheet merely invites addi- 
tional errors and results in the loss of valuable 
data. All tests should be performed simultan- 
eously with standards and controls carefully docu- 
menting each recordable result In some cases, a 
single standard? is not adequate ^ause color 
development may not follow Beer's Law at vari- 
ous concentrations. ^ 

16-7. Instrumentation. One major advantage of 
a quality control program is the clue it gives to in- 
adequate instrumentation. Spectrophotometers, in 
particular, should be checked carefully for cali* 
bration errors. Varij^tions in cuvettes and electri- 
cal fluctuations must be recognized. Proper use of 
controls will make inadequacies apparent, but 
daily instrument checks are required. With the 
Coleman, Jr. spectrophotometer used in most 
U.S; Air Force facilities, the check should include 
exciter lamp, wavelength calibration, lenses, zero 
setting, and 100 percent setting. We gave a de- 
tailed explanation of the spectrophotometer check 
in an earlier chapter. A didymium filter is avail- 
able for wavelength calibrations^ If calibration of 
an instrument changes, it is necessary to check all 
precalibrated curves which are used with the 
particular~4nstFumeHt finally, limitations^ of an 
instrument must be known. ^Results cannot be 
achieved with an instrument that was not designed 
with the degree of accuracy sought For example, 
as explained in Volume 2, the pH of blood would 
not be measured with just any pH meter. In fact, 
only relatively expeijsive, specially designed instru- 
ments can be used for that purpose. To use any 
other meter would yield results that have no 
clinical ^lue. 

16-8. Accuracy, Fredision, and Validity. If you 
achieve a value which is within the allowable 
variation established for a particular determina- 
tion, it is considered accurate. It is another matter 
to cohsistently achieve accurate results. The con- 
cept of duplicating a result within the allowable 
range in two or more determinations is termed 
""precision" (reproducibility). It is emphasized 
that accuracy and precision are not synoiiymous. 
It is possible to achieve accuracy without pre- 
cision, and it is possible to have precision without 
accuracy. For example, assume that the actual 
glucose value of a serum sample is known to be 
100 mg-%. Duplicate determinations yield 80 
mg-% and 120 mg-%, respectively. The average 
of 100 mg-% is indeed accurate, but results are 
not reproducible. The extent to which a result 
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may vary from the established value is deter- 
mined statistically, as explained in the following 
section. In any case, a variation of 40 mg-% 
(120 down to 80) for a glucose determination 
does not appear to be within acceptable limits. 
A second possibility is precision without accuracy. 
Obviously, a laboratory could perform a particular 
procedure several times and consistently reproduce 
erroneous results. In the case of the glucose 
example, a result of 80 mg-% might be achieved 
on two or more consecutive determinations. This 
is not nearly as absurd as it may seem. A labor- 
atory using reagents which are incorreotly pre- 
pared or deteriorated could repeatedly obtain 
inaccurate results. Poor individual technique, on 
the other hand, most often leads to a loss of 
precision. 

16-9. Another term which may not be com- 
pletely clear to you is "validity." A procedure is ' 
considered valid if it measures consistently what 
it is intended to measure. A procedure for alka- * 
line phosphatase, for example, would not be 
valid if pH of the substrate is in a range of 4.8 
to 6.0; however, it could well be reproducible. 

16-10. A quality control program must be 
established with some ^knowledge of problems 
which can exist and with a working knowledge of 
exact terminology. The concepts of accuracy and 
precision encompass a variety of problems which 
must ultimately be identified. Be ce^ain that you 
lare able to cite an authority or current reference 
for every step of your procedure. Recognize, too, 
that references are sometimes in error and must 
be cross-checked and updated. Some factbrs 
responsible for poor quality n^^y bb listed as 
follows: 

a. Faulty or inaccurately calibrated equipment, , 
including glassware. 

b. Poor technique. 

c. Variation in test conditions, such as time 
and temperature. 

d. Dirty glassware. ^ 

e. Incorrect curve, standard, or factor. 

/. Poor method or method modification with- 
out standardizing for accuracy and repro- 
ducibility. 

2. Unsuitable specimen. 

h. Unsatisfactory ^reagents. 

/. Contamination and interference. 

/. Errors in observation and calculations. 

16-11. Mathematics. A substantial number of 
errors which occur in clinical chemistry are trace- 
able to errors in mathematics. We have already 
discussed the necessity of preparing and main- 
taining records of each procedure. The degree 
of automation will largely determine the nature of, 
such records. In some cases, there may be little 
more Involved than recording a result. If various 



mathematical procedures are involved, there is 
always the possibility, of error, even in simple 
arithmetic. As we stated earlier, science is most 
scientific when it is expressed mathematically. 
The technician who excuses bis lack of facility 
in mathematics does not change the fact that 
clinical chemistry is expressed numerically. The 
ability to state a problem and express a result 
in mathematical language is invaluable. If practice 
is necessary, it should be understood that each 
of us must practice until he achieves proficiency. 

16- 12. One area" which relates directly to 
mathematics and accu|^cy in reporting results is 
the concept of significant Hgures. Any figure which 
represents an actual measured quantity is a sig- 
nificant figure. A general rule is to identify the 
first and final figure of an expression which 
represents actud measured quantities. The number 
bf digits between is equal to the number of 
significant figures without regard to decimal point. 
For example, a result which is reported as 1 mg. 
per ml. or 100 mg-% is expressed in one signifi- 
cant figure. If it is written as 100.5 mg-%, there 
ace four sigmficant figures. The key to identifying 
a figure as si^ificant is to determine whether it 
represents a measured value. ' Zero is not signif- 
icant if it appears )as the first figure of a number, 
as in 0.1; but in\he expression 1.0 there are 
two significant figures. You are encouraged to 
refer to a textbook of mathematics if the con- 

- cept of significant figures is not clear. You will 
find it pays to be conscientious in submitting 
numerical reports in the correct number of sig- 
nificant figures. A glucose result which is re- 
ported to thfe fourth decimal is likely to cast a 
reflection on the laboratory which produced it. 
Further, since it is meaningless to report a re- 
sult with a degree of accuracy Jthat does not 
exist in the procedure, this should not be at- 

^ tempted, 

17. Quality Control Program 

17- 1. If you have a genume desire to mam- 
tain the highest quality in your work, it is not 
difficult to establish a quality control program. 
While we have limited our discussion of this 
type of program to its application in clinical chem- 
istry, a quality control progran|(,may be established 
for any area of the clinical laboratory. We shall 
explain in this section how you can establish a 
program. 

' 17-2.^ Control Specimen. It is important that 
enough control specimens be obtained or pre- 
pared to perpetuate a quality control program 
for several months during the initial evaluation 
phase. The volume required depends upon the 
sample volume necessary for each procedure you 
wish to control and upon the frequency of the 



test run. Creatinine, for instance, may be de- 
termined from a 2-mI. or O.S-ml. sample de- 
pending upon whether a macro-technique or semi- 
micro-technique is used. Some procedures may 
also be run infrequently. Regardless of frequency, 
a good quality control program should include 
a control in each run of specimens. Reliable com- 
mercial control serums are readily available in 
•various unit volumes, assayed, unassayed, large 
or small lots, in normal or abnormal ranges, and 
for enzymes or special tests. The cost is nominal 
when it is considered that chemistry results are 
only as goodie's fhe quality control program which 
supports them. 

17-3. A reliable serum pool may be used in- 
stead of commercial products. However, there are 
vital factors that must be considered before you 
attempt to prepare your own pooled serum. 
A stable, reliable, control pool cannot be main- 
tained without specially trained technicians who 
have sufficient time to monitor and process the 
serum pool. A minimum of 2 L. should be col- 
lected before initial processing. Serum containing 
interfering substances (BSP dye, gross bacterial 
contamination, among others) should be excluded. 
Separate pools of serum must be maintained for 
enzymes, protein-bound iodine, 'and whenever 
above- or below-normal levels are desired. A 
freezer is required for holding and storing suffi- 
cient voluxfies of serum at -lO^'C. A household 
type refrigerator does not maintain this tempera- 
ture, A blood .bank centrifuge is usually required 
to adequately separate fibrin clots and other in- 
soluble material from the serum pool. After the 
control pool has been collected, thoroughly mixed, 
and filtered, "the control constituents must be criti- 
cally assayed and adjusted to suitable concentra- 
tions before working aliquots are dispensed. It is 
obviously no sfmple matter to prepare your own 
control serum. The advantages and disadvantages 
should be weighed against your unique capability ' 
in personnel, equipment, time, and financial re- 
sources. The necessity of using quality control 
serum is qndisputed, but the choice between com- 
mercial or lo^Uy prepared material will depend 
upon the factors mentioned. 

17-4. Statistical Expression. Quality control 
implies a system for measuring the degree of 
precision in procedures. In its statistical context, 
quality control does not measure the accuracy of 
a procedure. It does measure variables including 
reagent and method reliability, technician skill, 
and instrumentation. Variables are estimated 
statistically in an expression of total allowable 
variation, termed ''confidence limits.'* Confidence 
limits are established by calculating the dispersion 
of values for a test on either side of the average 
value. This mathematical measurement is termed 
^'standard deviation." It is' desirable that you 



have some knowledge of statistical frequency dis- 
tribution. If a laboratory test is perfontaed on^ a 
sufficiently large number of normal people and a 
distribution curve is plotted of the frequency of 
results, we would expect to obtain a typical bell- 
shaped curve. The peak of this curve would be 
at or near the average of all values obtained. 
The height of the curve would decri^^e as we 
moved away from the average in each direction. 
A sample curve is shown in figure 19. Standard 
deviation (SD) is calculated from the values 
which made the curve, by the following formula: 

V 7— i 

where 

(T is the standard deviation, 
2d- is the sum of the squared differences from the 
average, and 
/I is the number of test results used. 

17-5. Standard deviation tells us that 68 per- 
cent of the values are in an area from the average 
-1 SD to the average -1-1 SD (-<r to -l-<r). 
Likewise, 95,5 percent of the values are between 
— 2<r and -i-2a, and 99.7 percent from — 3<r to 
+3(r. Usually two standard deviations, which rep- 
resent 95 percent confidence limits, are used for 
laboratory work. Many laboratories use ±2.5 SD, 
which includes 98,8 percent of the values. This 
would allow for a possible 12 outlying values for 
every 1,000 determinations. How can we apply 
this to assure accuracy in the laboratory? This 
will require some effort- and at least 3 weeks be- 
fore practical results can be realized. The first 
step is to establish a standard deviation for each 
test which you want to control. After this, daily 
analysis of the control specimen described pre- 
viously will instantly tell you if your results are 
^^in the confidence limitsMesired. 

i7-6. Daily Records. The calculation of stan- 
dard deviation is based on a record of daily re- 
sults which cover a period of not less than 15 
days, and in most cases at least 21 days. A chart, 
as shown in figure 20, is very helpful. For pur- 
poses of illustration, the values for a series of 
potassium determinations have been entered in 




-3;^^ -2cr -la x +iq +2cr .+ 3^ 

^ Figure 19. Frequency distribution curve. 



ERIC 



figure 20. The sum of these values, divided by 
the number of tests, gives the average value. Note 
that th6 difference of each daily result from the 

' average , is entered in column 2. The difference 
is then squared, as shown in column 3 of this 
figure. The sum of the differences is entered in 
yoiu data table and is applied m the standard 
^ devmtion formula as shown. To cmplete the for- 
niula the number of daily resflb used, is 
determined and is inserted in^ the formula as 
**n— 1." The division quotient is calculated and 
finally the square root of the quotient is ob- 

• tained. (A table of square roots is very useful 

^ here.) 

17»7. Once the standard deviation is estab- 
lished, you can begin to control the quality of 
your work. As3ume that the mg-% values for daily 
glucose procedures are charted and the standard 
deviation is calculated as 3 mg-%. These values 
may be placed on a graph, as indicated in figure 
21. As each daily result (numbered consecutively) 
is entered on the graph, you will immediately 
know whether you are within the established 
confidence lunits. For the range of values plotted 
in figure 21, one standard deviation unit repre- 
sents 3 mg-%. It is important to realize that trans- 



lation of SD units to mg-% depends upon the 
range of values used to establish the curve. For 
example, in figure-21 ±2 SD units would repre- 
sent an allowable range of ±6 mg-% and that 
would be the allowable range for the control 
serum to be in controPat a concentration of 100 
mg-%. At a level of 300 mg-% the range of 
allowable error would be ±18 mg-%, not ±6 
mg-%, because ±6 percent of 300 mg-% is 
±18 mg-%. 

17-8. Certain steps are necessary in analyzing 
the data you have recorded. If you are outside 
confidence limits, record your results and repeat 
the entire set of analyses, including another ali* 
quote of the control. If the repeat results are in 
control, they may be reported; if not, the^pro- 
cedure, reagents, instrument, and your own per- 
formance should be checked for error. It must be 
emphasized that repeating out-of<ontrol runs and 
investigation of the procedure in consistently out- 
of-control runs are essential operations. Data is 
best analyzed as it becomes available. Specifica- 
tions which are becoming most widely accepted 
for analysis of quality control data impose the 
following requirements: 

a. Determinations must be consecutive and 
must be performed 'on different days. 



Daily 
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Figure 20. Data chart for entering test results and expressing standard deviation 
(values for potassium arc entered). 
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Nttmb«r of DoforminQtlons 



1* 17 



Figure 21. Quality control chart for glucose. 



Each figure represents a single measure- 
ment, and lio figures are discarded 
The pool of serum used in the program 
must meet certain standard requirements. 
d. Most authorities do not accept less than 15 
determinations for statistical purposes, and 
many require 21 as the minimum. 

17-9. Problem Situation No. 1: You have de- 
termined a series of replicate analyses on a con- 
trol serum for glucose. Calculate the average 
(mean) value for the series using the following 
values: 



Specimen 
16 
17 
18 
19' 
20 
21 



19 ao 



mg-% glucose 
121 
121 
117 
111 
115 
119 



Specimen 
1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 



mg-% glucose 
118 
115 
111 
114 
117 
117 
120 
116 

ni7 
122 
119 
117 
117 
121 



17-10. Problem Situation No. 2: Calculate one 
standard deviation using the information in Prob- 
lem Sitqation No.^1. The square root required 
may be found in table 8. 

17-11. Problem Situation No. 3: What are the 
confidence limits for this glucose procedure, as- 
suming an allowable error of 2 standard deviar 
tions? 

ITrH. Problem Situation No. 4: Plot the 
values of the tests given in Problem Situation No. 
1 on graph paper furnished in the Handbook of 
Reference Material. Indicate the mean value and 
the confidence limits of the test by drawing hori- 
zontal lines at these levels of concentration. 

17-13. Solution to Problem Situation No. 1: 
There were 21 replicate analyses for glucose. 
The sum of all values for glucose was 2,457. 
The average, or mean, value is obtained by 
dividing the sum of all values by the number 
(n) of determinations. 
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Table 8 -y 
Table of Square^ and Square RocIts 



No. 


Square 


Square Root 


1 1 A 
110 


1 21 00 


1 0. 48 


111 
111 


1 ci 


\ 10. 5o 


111 
11^ 


1 25 44 


10, 58 


113 


1 27 69 


10,63 


114 


1 29 96 


10.67 


1 1 D 




1 U« f ^ 


116 


1 34 56 


10, 77 


117 


1 36 89 


W 10-81 


118 


1 39 24 


- 10,86 


119 


1 41 61 


10.90 


120 


1 44 00 


10,95 


121 ' 


^ 1 4644:1 . 


11,00 


122 


1 48 84 


41.04 


123 


■ 1 51 29 


11. 09 


124 


1 53 76 


11. 13 



sum 



2457 
21 



= 117 



Specimen 


Test Resuits 


(d) 




6 


117 


0 




7 


110 


3 


9 


8 


116 


1 


1 


9 


112 


5 


25 


10 


117 


0 




11 


122 


5 


25 


12 


119 


2 


4 


13 


117 


0 




14 


117 


0 




15^ 


121 


4 


16 


16 


121 


4 


16 


17 


121 


4 


16 


18 


117 


0 




19 


111 


6 


36 ^ 


20 


115 


2 


4^. 


21 


119 


2 




sum 


= 2457 
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sum 



= 117 = jc 



The formula for calculating standard deviation is: 

V n 



1 



17-14, Solution to Problem Situation No, 2: 
You must calculate the differences from the aver- 
age value (d) and the square of this difference 
{(P) for each test value. For instance, fhe first 
value was 118 mg-^%. The average value was 117 
mg-%. The difference between 118 and 117 is 
1, so this is the 'first number in the (d) column. 
The difference squared {<P) column or (1^) is 
also 1. The second specimen (IIS) differs frbm 
the average (117) by 2, so the second value in 
column (d) is 2 and in the (cP) column the^ 
second value is (2^) which is 4. Check your 
calculations with the answers below and correct 
any mistakes. 

Specimen Test Results (d) . (d'^) 

1 " 118 1 1 

2 115 2 4 

3 111 6 36 

4 114 3 9 

5 117 0 ' * 



The number of tests^ (n) is known. You hSve just 
calculated the iP values. Add the ^ colmtm of 
figures to obtain ^e sum of (P or Sd^. Sul»titute 
n and values in the standard deviation\ for- 
mula and solve for <r. 
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206 
20 



= V 10.3 
^ <r = 3.2 mg-% 

17-15. Solution to Problem Situation No, 3: 
Confidence limits establish the total allowable 
variation of a %iethod. Since 2 standard devia- 
£ tions are given as allowable variation, 2 X the 
standard deviation value (±3,2) = total allow- 
able variations of ±6.4 mg-%. This allowable 
variation is valid only at the mean level of concen- 
tration (117 mg-% ±6.2 mg-% or from ill 
mg-% to 123 mg-%). 

17-16. Solution to Problem Situation No. 4: 
'Figure 22 is the solution to this problem. ^ 




Figure 22. Solution to Problem Situation No. 4. 
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17-17. A simple mlthraiatical means of calcu- 
lating allowable limits of error is represented in the 
following expression referred to as Tonks* for- 
mula. However, some chemists consider this for- 
mula overly generous in allowance. It^ should be 
pointed out in defense of the formula that, re- 
gardless of the calculated allowable error, Tonks 
did not permit an error greater than dtlO per- 
cent This formula is not Used for enzyme deter- 
minations. Tonks' formula is as follows: 



X 100, 



Percent error illowcd = 

± 1/4 (upper limit-lower limit) 
mean vilue of the range 

or, reduced to simpler terms: 

±25 (upper liipit-lower limit) 
mean value of the range 
Using a FolinTWu glucose with arrange of 80 
to 120 mg-% as an example, the allowable per- 
cent error would be as follows- 
dr25 (120^80) ^-10 percent allow- 

J 00 4 . able error 



Percent error allowed =' 
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classroom. The workbook puts these self-teachers into one booklet. If you will 
follow the study plan given in *'Your Key lo Career Development," which is 
in your course packet, you will be leading yourself by easily learned steps to 
mastery of your text. 

If you have any questions which you cannot answer by ^referring tc^^Your 
Key to Career Development' or your course material, use ECI Form 17, "Student ' 
Request for Assistance," identify yourself and your inquiry fully and send it to 
ECI. - " " 

Keep the rest of this workbook in your filcs,^ Do not return any other part 
of it to ECI. 
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CHAPTER REVIEW EXERCISES ^ 

The following exercises are study aids. Write your answers in pencil in the space provided after each 
exercise. Immediately after completing each set of exercises, check your responses against the answers for 
that set. Do not submit your answers to ECI for grading 



CHAPTER 2 

Objective: To show the ability to define terms used in basic chemistry and to use this knowledge to write • 
chemical formulas and interpret chemical reactions. v 

1 . What basic particle, or particles, are contained in the atomic nucleus of the lightest isotope of hydrogen? 
(5-2) 

2. What is the fundamental proposal in Dakon's atomic theory? (5-2) 
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3 . Of what value is,a knowledge of orbital electron population? (5 Jj> 



4. What is the maximum number of electrons that could occupy the third energy level, or M sheU? (5-4) 
5". Whertf is the mass of an atom.concentrated? (5-6) ^ 



6. How is it possible that atomic charts show the chemical atomic weight of an element as a decimal 
though mass is an expression of protons and neutrons? (5-8) 



7. What is an isotope? (5-8) y 



8. How do compounds differ from mixtures? (6-3) 

9. When mixed, alcohol and water intermingle and produce heat. The water and alcohol can be 
separated by distillation. Is this a mixture or a compound that is formed? (60) ^ 



). What is meant by valencel (6^) 



Why is radon called- an inert gas? (6-7) 



What is the oxidation number of silicon in the compound SiO^? (6-8,9) 
' What is the oxidation number of free nitrogen? (6-9) 

A sampae of sodium trititanate yielL .05 g. atoms of sodium, .075 g. atoms of titanium, and 0 1 75 g 
atoms of oxygen. What is the formula? (6-12) 



How does a coordinate covalent bond differ from a simple covalent bond? (6-14,15) 



1 6. What is oxidation? (6-23) 



1 7 . What are tribasic acids? (6-32) 



18. How can a substance which does not contain hydroxyl ions, such as ammonia, "furnish" hydroxy^ons? 
(6-33) , . 

19. What is organic chemistry? (7-1 ) 

20. Characterize or define the following classes of compounds. 

(1) Hydrocarbons. 

(2) Alcohols. , 

(3) Amino acids. 

(4) Proteins. ^7 

(5) Carbohydrates. 
(7-2,3,7,8) 



CHAPTER 3 

Objectives: To define terms used for solution concentration; to use principles involved in the preparation of 
quantitative solutions; and to perform related calculations. 

1 . Define the following terms: 

fl. Solution. " 

b. Solvent. 

c. Solute. 

d. Saturated solution. 
. (8-2,3) 

2. How man^ milmiters of^cid are used to make 100 ml. of a 10 percent V/V solution? (9-2,3) 



3. A procedure requires 69^ g. of a?ihydrous copper sulfate (CuSO^). All you have is hydrated copper 
sulfate (€uSO^ • SH^O). How many grams of the hydrated copper sulfate would you use? (9^) 



4. How many equivalent weights are there in a IM solution of H^PO^? (9-4—6) 



. 4 ' f 



5. How many grains of sulfuric add (H^SO^) are needed to prepare 200 ml. of a IN solution? (9-6) 

6. How many gnpns of HC 1 arc necessary to prepare 200 ml. of 0.00 liV HCl solution? (9-6) 



7. How many milliliter? of concentrated HNO^,^ecific gravity 1.4 and 70 percent pure, are necessary to 
prepare 500 ml. of 6.1M HNO3? (9^) 



8. How many milliliters of concentrated sulfuric aicd, specific gravity 1 .84 and 95 percent pure, are 
necessary to prepare 100 ml. of a 2Af solutionlf. (9-5,6) 



9. How many milliliters of concentrated HCl having a specific gravity of 1 .19 and 38 percent pure are 
necessary to prepare 500 ml. of 1 .5N HCl? (9-6,7) 



1 0. (a) How many milliliters of 85 percent alcohol are required to prepare 1 00 ml. of 65 percent alcohol? 
(b) How many milliliteis of 3 percent sugar solution can be made from 600 ml. of 15 percent sugar 

solution? 
(9-12,13) ^ • 



11 . How many milliequivalents per liter are numerically qual to 3 1 1 mg-% of phosphorus? (9-14,1 5) 



12. How should 1 16 volumes percent of carbon dioxide be reported in mEq/L? (9-15) 

13. What is the hydroxyl ion concentration of an add of pH 4? (10-2) 

f 

$ 14. At what ratio of add to salt is a buffer m ost eflident? ( 1 0-5) 



15. If 40 ml. of an add neutralize 80 hil. of Q.5N base, what is the normality of the add? (1 0-8) 



6. What is the normaUty of NaOH if 10 ml. of it neutralize 5 ml. of H^SO^? (10^ 



/ 



17. If 5 ml. of 1(W HNO3 added to 10 ml, of water neutralize 25 ml. of base, what is the normality of the 
base? (10^) 



18. When titrating an unknown base against O.liV HCl, it is found that three successive tiUations requir|r 
6.30, 6.35, and 6.25 ml. of the base to neutralize three 5 ml. portions of the acid. What is the average 
normality of the base? ( 1 0-8) 

. ' ; 

!9. Twenty milliliters of an acid are neutralized with 30 ml. of 0.5N base. What is the normaUty of the acid? 
• (10-8) 



20 If 5 ml of 0 \M H, SO . are neutralized with 1 5 ml. of base, what is the normality of the acid? ( 1 0-8) 

■ ■ C 

n- CHAPTER 4 

Objective: To define terms used in the physics of Ught as it relates to spectrophotometry and to perform 
calculations involved. J 

1 . Assuming that the principle of a particular chemicil test is vaUd, what determines how accurately 
you are able to relate color intensity to the component to be measured? (Introduction) 



2. Cite one line of evidence that li^t is a^series of expanding wave fronts. (11-2) 



! . How is a prism able to separate component wavelengths of light? (11-2) 



4 . Ho w is a wavelength measured? ( 1 1 -2) 



5 . State the Beer-Lambert law. (1 1 0) 



6. Give two situations in which colorimetry is used. (11-4) 



79 

6 



7. 



y/hzi percent of tficlfi^t energy which enters a blank soluMon will pass through and be indicated on 
galvanometer scale? (11-5) 



8. Why does a red solution appear red? (11-6) 

9. For what is a diffraction grating used? ffi -6) 

i 

« 

10. Determine the concentration of the unknown. 

2 ml. of a 20 mg-% std. used OD = 0.200 
0Z)^ = 0.200 

2 ml. of a 1 : 10 STA fdtrate used. 
OD^ = 0.400 

b. 0.5 ml. of a 10 mg-% std. used. 
OD^ = 0.350 
0.5 ml. of serum used. 
OD^ = 0.700 

c. 5 ml. of a 0.2 mg-% std. used. , 
OD^ = 0.325 

5 ml. of a 1 : 10 STA filtrate used. 
OD^ = 0.525 

d. A ml. of a 0.5 mg-% std. used. 
0£)^' = 0.800 

4 ml. of a 1 : 10 STA filtrate used. 
OD^ = 0.400 
(12-2,3) 



11. If 1 ml. of serum is used in a test to make a 1 : 1 0 PFF, and 2 ml. of the PFF are used, what is the V 
factor? (12-3) 



12. What is the purpose of the V factor in the spectrophotometer formula? (12-3) 

13. Of what value is a nonlinear C-A curve? (12-13,14) 



7 
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14. Using the graph paper provided in the Handbook of Reference Material, prepare a spectral-transmittance 
curve from the following values. 

Percent Transmittance Wavelength 



36.0 


% T 


400 nu< 


51.0 


% t 


425 vnyt 


66.0 


% T 


450 mfi 


58.0 


% T 


AIS mju 


46.0 


% T 


500ni/Lt 


36.0 


% T 


520 m/Lt 


33.5 


% t 


525 nv« 


32.0 


% T 


530 nv« 


30.0 


% T 


540ni/Lt 


30.0 


% T 


. 550 m/Lt 


33.8 


% T 


560 nvt 


40.0 


% T 


575 


88.0 


% T 


675 Ttm 


(12-14,1 


5) 





/ 

15. At which wavelength is a colored solution usually read? (12-15) 



1 6. What determines the category of a cuvette? (12-16) 

, 17. (a) In spectrophotometry, how do you know when the exciter lamp check is satisfactory? (12-18-20) 
^ (b) What range of error is allowable in the lamp darkening check of a Coleman, Jr. spectrophotometer? 
(12-18-20) 



18. There ^pt certain prerequisites in spectrophotometry fOr obtaining an initial percent T reading for the 
lamp darkening check. What are the requirements for an excite^ lamp? (12-20) 



19. What component of the flame photometer aspirates specimens into a flame? (13-4) 



CHAPTER 5 

Objective: To demonstrate knowledge of th^ collection and preparation of blood and cerebrospinal fluid 
specimens for chemical analysis. 

1 . Airman Brown for^t to draw blood for a BUN determination, but drew only a serology on a patient. 
The error was discovered just as the blood had clotted, and the procedure called for whole blood. How 
would you solve this problem? ( 1 4-2) 
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The nurse on Ward A forgot to withhold a patient's breakfast on whom a physician had ordered 
electrolytes, BUN, and a PBI. The patient is to be discharged from the hospital at 1 000 hours; it is 
now 0800 hours..and results are needed before he is dispharged. What would you recommend' (14-4) 

3. The night call technician forgot to freeze a serum specimen which he had drawn fcJr a traifsaminase at 
2400 hours. It is 0$00 hours the next day, and you discoyer tlye specimen in the refrigerator with the 
serum separated, but unfrozen. What would be the best thing to do? (14-7) 

r 



4. Which of the three tubes submitted to the laboratory for spinal fluid analysis is used for chemistries' 

5. What is the first tljing that should be done when the laboratory receives CSF'tubes?^(14.1 1) 



6. Each of three tubes submitted for CSF analysis contains a '^tinge" of blood. Would it be best to return the 
request slip marked "specimen unsuitable." report the results, or ask the physician's opinion? Explain 
your answer. (14-12) 



7. For what purpose is a PFF prepared other than to eliminate protein? (15-2) 



8. What is the reasoning behind objecting to protein in the Schales chloride test'' (15-2) 



What is the chemical nature of proteins? (15-3) 



Why do you suppose thai a TCA filtrate is used for phosphorus? (Table 7; 1 5^5) 



Name the type of filtrate discussed in the text which is described by each of the foUowing phrases 

a. 10%Na2WO^ + 2/3iV H^SO^. ^ 

b. A stabilized reagent. 

c. Used for phosphorus. - / 

d. For true glucose. 

e. Modified Folin-Wu. - 
(Table 7. 15-5) 
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12. Name a common type of nitrate which uses a metallic cation? (15>5) 

13. How docs No. 3 filter paper usually compare with No. 4 filter paper? (15-7) 



14. What is the main reason for using acid-wa$hed filter paper in the clinical laboratory? (1 5*9) 



^ CHAPTER 6 

Objective: To show knowledge of the basic information necessary for mainteiiancc of quality control in 
clinical chemistry. ' ^ 

1 . Why should a technician, who is experienced and careful, be expected to substantiate his test results 
statistically? (Introduction) 



2. Specifically, what do quality control statistics tell the pRysician or technician? (Introduction) 



3. I>oes a color chart generally meet the requireftients of a standard, or would it be more desirable to have 
standard which can b^ treated as the unknown? (16-4) 



4. To what Extent does a standard control' the precision of a result? { 1 6-4) 



5. What is the principal objection to using a prepared curve as a standard? (l6-4) 



I' ■ 

6. May a control be used as a standard? (16-4^) ^ 



7. Why is a control described as being pf known "approximate value"? (16-5) 



8. Why are multiple standards used? (16-6^ 



9. If control values arc achieved, is it necessary to check the calibration of the instrument e e 
spectrophotometer?. (16-7) ^ ^ ' 



10. tist .four checks which should be completed on a Coleman, Jr. spectrophotometer as part of a qualitv 
control program. (16-7) ' 



1 1 . Distinguish between accuracy and precision. (16-8) ' 



12. Why is it desiraWe to report a potassium result in two significant figures? (16-12) 



1 3. How many significant figures in each of the following? 
. fl. 6. OX 10^ 
6. 6 X 10^ 

c. Product of 2.0 X 6.34 
d Quotient of 
(16-12) 



14. What factors should you consider in order to determine whetiier to use commercial serum or your-own 
control scrum? (17-2.3) . 



1 5 . What is meant by "confidence limits"? ( 1 74) 
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1 6. Assuming random dfstribution and a statisticaUy adequate number of cases, what percent of the values 
will fall within 1 a below the mean? (17-5,6,8) ' 



17. Ill the analysis of quality control data, should figures which are obviously out of range be recorded or 
discarded? (17-8) ' 



18. In 20 consecutive determinations, the sum of the squared difference is 1 59. What is the standard 
deviation? (17-14) • ' 



L 

19. The normal range of a procedure is 1 0 to 1 8 mg-%. What is the allowable limit of error in percent 
, according to Tonks? (17-17) 



. 11 
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j ^ CHAPTER 2 

I . Of the three fundamental particles discussed', only one proton is found in the nucftcus of the lightest ' 
isotope ofliydrogen. 

J, Dalton proposed that matter is composed of discrete units or particles which we call atoms. 

3. A knowledge of orbital electron population enables t((e chemist to predict an element's chemical 
behavior as encompassed in the concept of valence. 

^ 4. 2(3)2 or 18. • ^ . . . ^ 

^ 5. The mass of an atom is concentrated in the nucleus. 

6. In determining the atomic weight of an element, the atomic weights of the isotopes are averaged, and this 
may result in a decimal. 

7. An isotope is a form of an element which differs from the other forms in atomic mass or in the number of 
neutrons. ^ • ^ 

8p - ^ 

■ 12 ■ ' ' 



8 . Compounds represent elements which have bccii united chemicaliy , whereas mixtures are united 
physically and can be physically separated. 



9. A mixture. 

10. Valence is the combining capacity of an element. 

11. The valence ring of radon is complete and, hence, it does liot readily give up, receive, or share electrons. 

12. .4. ( ^ 

13. Zero. 



3. 



,4. N..-=UT>=gi-7l.O.££=3.. I 
Smallest mdltiple = 2, resulting in Na^TijO^. 

15. In coordinate covalencc, one atom donates the electrons, while i^ the simple covalent bond each atom 
donates electrons to be shared. 

1 6. Oxidation is the loss of electrons in a reaction. * • 

17. Acids which furnish thre^ydrogeifatoms per molecule are termed *'tribasfc." 

18. Ammonia reacts with water to produce OH ions which are furnished by the watex. 

1 9 . Organic chemistry is the study of carbon compounds. ^ 

20. (1) Hydrocarbons are compounds compolcd solely of carbon and hydrogen. ^ 

(2) An alcohol is a hydrocarbon chain (R) and one or more OH groups. 

(3) Amino acids are organic compounds containing an amino group and an acid grou^. 

(4) Proteins are polymers of amino acids. . ' 

(5) /Carbohydrates arc polyhydrqxy aldehydes, ketones, or organic compouiids which yield these 
' substances pn hydrolysis. . 



CHAPTER 3 • » _ , ' 

1 . J. A solution is a homogeneous mixture of two or more substances. 

b. A solvent is the medium in which a substance is dissolved. 

c. The solute is the substance which is dissolved. . * • 

d. A saturated solution is a solution which contains all of a solute it can normally contain at a particular 
temperature and, in the case of gases, under a particular pressure. 

2. 10 ml. 

r 



69.8 ^ X . K 



159.6 249.7 
;c = 109g. 



4. 3, because total positive valence = 3. 
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. 98 y 200 _ 49^ 



6. The mol. wt. of HC 1 is 36.47 
36.47 



-OQ'^ = 1000 
g/L = .036 g/L 

OT = :ol6°4^ -036= -007 8. 



The mol. wt. of HNO3 = 63.02. 

500ml.0.1A/= 1/2 X 0.1 X 63^02 

We want: g. X = x ml. needed 
;c = 3.2 ml. 



8. The mol. wt. of H^SO^ is 98. 



l,00ml.of2W= j^X 2 X .98 = 19.6 

19.6 ^100 ... 

^ x .= 11ml. 

500ml.ofl.5iV=^or(.5) 
(0.5) (1.5 X 36.47) = 27.35 g. 

60.5 ml. needed 



27.35 100_ 
1.19 38 



(,-g= 60.5ml.) ^ ^ 



10. (a) 



^5x = 100 X 65 
\c = 76.5 ml. . 



(b) (600) (15) = 3x 

^ x= 3000 ml. 



31 

11. tq = 17.2 = corrected eq. wt. in mg. 
1 .0 



311 X 10 
17.2 



181 mEq/L 



12. 



116 
2.2 



= 53 mEq/L. 



13. pHof4 = 1 X 10"* [ H+] 

(1-)X- 10"**)- (1 X 10"*) ="1 X 10"*" moles/L. 

14, 1:1.' ^ 
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15. 4Qjc = (80) (.5) ^ 

16. lil/HjSO^ = 2/V 

(5) (2) = ICbc 
JC = W . 

17. (5) (10) ijc(25) 

X - IN (This water is of no significance.) 'y^ 

18. The average of the titration is 6.3 ml. 
TV, X Vol, =A^2 X Volj 

(0.1) (5) =(6 3) (:t) 

JC = 5 > .Is 

'x = o.om 

19. Vol,,X W, = Volj X 

'(20) ix) = (30) (.5) 
^30 -X .5 
^ ^ 20 
X = 0.757V 

20. O.JA/ = 02N. The quantity of base usedjs not pertinent to the problem. 

■ ( ^ 

CHAPTER 4 ^ 

1 . Thh instrument you are using, e.g., a spectrophotometer, determines this. . 

2. One hght energy inferferes with another. 

3. A prism is able to separate component wavelengths of light |?ecause the velocity of light through a ^lid 
^ varies with the wavelength. This results in unequal trending of the rays, 

4. A wavelength may be measured between either maximum points or minimum points. 

5. The Beer-Lambert law states that optical density of a colored solution is directly proportional to the 
depth of the solution through which the light passes as well as to the concentration of the color 
component. ^ * • 

6. ^ It is used in specialized situations arid in field laboratories. - ^ 

• J. Something le^s than 100 percent because some light energy at any wavelength is absorbed. However, fo; 
purposes of measurement, the scale is adjusted to 100 percent. 

8. Because it transmits irost of the light energy iii the red area of the spectrum. 

9. A diffraction grating is used as a monochroma tor. 



J' 
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10. 



a -^X .4* X iy- = 400 mg-% 
c. X .01 X iy= 3.2 mg-% 

. .400 V Y ^00- -» ^ ,«a<7 



11. 0.2. 



I2r The purpose of the V factor in the spectrophotometer formula is to relate the dilution of the unknown 
specimen to the ^imotmt of standard actually used in the test. ^ 



13. Depending^upon the chemical principle of the test, a nonlinear C-A •curve may be of value inlcalculating 
unknown results, just as a linear C-A curve may be used. , . ^ ^ 



r 

.A 



4^ 



■1^ 



8j 
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15. A solution is read at a wavelength which will show maximum absorption when the light passes through 
the solution. 

16. 'Its optical properties. 

17. (a) At 400 m/i the galvanometer needle will go past 100 percent T when the galvanometer controls ^re 

turned completely clockwise, 
(b) ± 1 .5 percent T. 

18: The lamp must he clean and new. « . 

f . - ' 

19. The atomizer. 



CHAPTERS 

1. Use serum. 

2. Perform the tests, and note under "Remarks" on the report that patient had breakfast, and comment 
whether serum was cloudy or clear. ^ 

3. Run the test; the specimen need not be frozen. If would not be advisable to draw another specimen since 
the physician would probably want to know what the transaminase liad been at 2400 hours.,.X~Y ^ 

4. Tube number 2. V 

5. Be certain that the tubes are lat>eled. 

6. Report the result, noting the amount of blood present under "Remarks" on the report. (It is generally 
unnecessary to place the burden for a technical decision on the physician, but it is acceptable and often^ 
desirable to discuss it with him.) According to the te^t, a "tinge" of bldod would not signiflcantly alter 
the results, if centrifuged, but it should not be completely dismissed either. ^ , 

7. To eliminate other interfering matter, such as pigments. 

8. Mercuric ions may bind with the protein. 

9. Chains of amino acids. 

10. TCA filtrate has a lower pH than other filtrates listed in table 7 and will not precipitate the phosphoroi^ 
^ with the protein. > 

11. a. Foiin-Wu. 
ft.^STA. 

c. TCA. 
flf. Somqgyi. 
e. Haden. 

4 

12. Somogyi filtrates use Zn+. ^ 

^} ■ ■ . 92 
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13. No. 4 filter paper has a finer texture than No. 3. 

14. Acid washing removes ammonia salts which interfere with ammonia and nitrogen determinations. 



CHAPTER 6 

> i 

1 . Because even the most experienced technician Is not infallible. The doctor has a right to know the 

precision of results he is using for a patient. Only the laboratory technician is in a position to maintain 
this quality control. 

2. Quality control statistics teU the degree of unccrt^nty associated with a result. 

3. A color chart can be a kind of standard; it is not necessary to treat the standard as the unknown. 

4. A standard does not attest to the precision of a result and does not function to contro^a procedure. 



5. Prepared curves are not always checked each time a test is perfornwd. They sometimes lead to inaccurate 
results because they are not adjusted to meet changes in the procedure or conditions of the test. 

6. . A control may be used as a standard if it contains an exactv^neasured amount of the known substance. 

7. "Approximate value" refers to the fact that the substance in question is not necessarily weighed into the 
control specimen. 

8. A^ltiple standards rather than a single standard are particularly useful when a procedure does notjlfoUow 
filer's law. ' ^ 

\ ' ' ' ^ ■ 

9. Yes; controls merely give a clue to inadequate instrumentation and should not be relieB upon to check 

instrumentation becaus^ there may be compensating errors. 



10. Exciter lamp, wavelength calibration, lenses, zero setting, and 100 percent setting. 

1 1 . Accuracy refers to the degree of variiition of a result from the established value. Precision refers to the 
reproducibility of a result.' 

12. Because, as you know, the normal range for potassium in bliod scrum is approximately 4.0 to 6.0 mEq/L. 
This involves two significant figures. 

13. 2. ' 

^ c. 2. 

d. 2. ^ ' ^ 

14. You should consider the cost of commercial serum and your unique capability in personnel, equipment, 
time, and flnancial resources. ^ 

15. ''Confidence limits" implies range of total allowable variation. 
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16. 34 percent. Assuming random distribution and a statistically adequate number of tests, 1/2 of ±la units 
(68 percent of the values) is - Iff, or 34 percent of the values. 

17. Recorded. 



18. V 159 
19 



n/8.37 = 2.89 



19. ±1/4 (18 - 10) X ,00 = S X 
14 

' percent, 



14" ^ ±14%. However, Tonks did not permit error greater than ±10 



ERIC 



20 



1. MATCH ANSWER 2. USE NUMBER 
^.^B SHEET TO THIS PENCIL. 

»TOP- EXERCISE NUM. 

BER. 

^ 90411 01 22 

VOLUME REVIEW EXEROSE 
Carefully read the following: 

DO'S: I 

1. Check the "course,"" "volume/' and "fonn" numbers from thfe answer sheet 
address tab against the "VRE answer sheet identification number" in the 

' righthand column of the shipping list. If numbers do not match, take action 
to return the answer sheet and the shipping list to ECI immediately with a 
note of explanation. ^ 

2. Note that numerical sequence on«answer sheet alternates across from column 
to column. 

3. Use only medium sharp #JJ black lead pencil for marking answer sheet.- 

4. Circle the correct answer in this test booklet. After you are suffe" of your 
answers, transfer them to fhe. answer sheet If you have to change an answer 
on the answer sheet, be sure that the erasure is complete. Use a clean eraser. 
But try to avoid any erasure on the answer sheet if at all possible. 

5. Take action td return entire answer sheet to ECI. 

6. Keep Volume Review Exercise booklet for review an^ reference. 

7. If mandatorily enrolled student, process questions or comments through your 
* unit trainSr or OJT supervisor ^ 

' If voluntarily enrolled student^ send questions or comments to ECI on ECI 
Form 17. 

DONTS: 

r. Don't use answer sheets other th£(n one furnished specifically for each review, 
exercise. 

2. Don't mark on the answer sheet except to fill in marking blocks. Double 
marlcs or excessive markings which overflow marking blocks will register as 
errors. 

'3. Don't fold, spindle, staple, tape, or mutilate the answer sheet. , 

4. Don't use ink or any marking other than with a #1 black lead pencil. 

NOTE: TEXT PAGE REFERENCES ARE USED THE VOLUME 

'REVIEW EXERCISE. In parenthesis after each item number on the VRE 
is the jVjc/ Page Number where the answer to that item can be located. 
When answering the items on the VRE, refer to the Text Pages indicated 
by these Numbers, The VRE results will be sent to yoja on a postcard 
' which -will list the actual VRE items you missed. Go to the^VRE booklet 
and locate the Text Page Numbers for the items missed. Go to the text and 
carefully review the areas covered by these references. Review the entire 



VRE again before you take the closed-book Course Examination, 



21 



7 



95 



iq06) Ether, sulfuric acid, oxygen gas, and tuberculosis cultures in the laboratory indicate the diversity 
of the 

a. safety hazards which can exist there. c. systems used in a laboratory 

b. duties in a laboratory career field. d. techniques carried on in a laboratory. ■ 

(007) Some atoms do nor have 

a. electrons. ' c. neutrons. . 

b. protons. * 'd. nucleons. 

(008) The maximum possible electron population in the L sheU of an atom is 

"2- c. 6. 

^•4; d. 8. 

(008) Two isotopes of a particular element havl the same 

a. atomic mass. . c. atomic number. ^ 

b. atoniic weight. d. number of neutrons.' • 

(010) A substance which is composed of two or more elements that are chemically combined in 
definite proportions by weight is called ■ », 

a. an elemervt. ' c. a mixture. ' ' . 

b. a compound. ^ a solution, 

(011) The number of electrons an element is able^o gain, lose, or sh^e is the element's 

a. oxidation Viumber. ' c. ionization constant. ' ^ 

b. atomic number. ^ d. valence. 



(012) Halogens usuaUy havte an oxidation number of - 1 except when they are in combination with 

a. hydroxide. ^> c. oxygen. 

b, hydrogen. • ^ d. nitrogen. ** 
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10^ (012), What is the oxidation number of an dement in the free state such as O^' 



a. -2. 

b. -1. 



c. o: 

d. - +2. 



11. fOl 3) The analysis of a certain compound shoyi/s that it contains 0.05 gram-atom of sodium, 0.075 
gkim-atdm of titanium, and 0.1 75 gram-atom 6[ oxygen. The simplest formula for this compound 



a. NaTijOg. 
n M,Ti30,. 



c. NajTi.O,. 
d NaJijOj. 



12; (014) Chemical bonding in which^ne atom donates all of unequally shared electrons is called 



a. ionic bonding. 

b. covalent bonding. 



c. electrovalent bonding. 

d. coordinate covalent bonding. 



13; (015) The equation 2n + CuSO^ * ZnSO^ is an example of 



a. combination reaction. 

b. decomposition x^^icixon. 



c. single displacement reaction. 

d. double displacement rftaotion. 



14. (015) What type of chemical rcactkm is rcpresenlcd by the equation 2H. + 0. * 2H-0? 



c. The single displacement re^tion. 

d. The double displacement reaction.' 



a. The combination reaction. , ^ 

b. .The decomposition reaction. 
/ 

15. (016) Which of the following states that a, system in equilibrium williteact to a stress by establishing a new 
^ ilibriiim? 



a. TJie law of conservation of mass-energy. 

b. The law piT multiple proportions. 



c. The law of definite proportions. 

d. LcChatelier's principle. 

16. f 1 07) Normally, the combinatiojilf any negative ion with any positive ion results in 

/ 



^ a. a base. 

r 

b. a salt. 



c^an acid, 
d. a mixture. 



17. ( 01 9) Which of the following docs not have a cyclic ^ructure? ^ 

a. A sterol. , c. A phenol. 

b. Benzene. .d. Ethanol. 

18. (01^) Which of the following is an example of a iJisaccharide? 



\ 



a. Starch. ' 

b. Sucrose. 



•-N^ 19: (020) All solutions may be disfined as 



a. mixtures^ 

b. colloids. 



c. Fructose. 

d. Dextrose. 



c. liquids. 

d. compounds. 
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20. . . (020) Which of the following {jk mr a considention in detennining the solubility of a solid? 

. a. Th^ nature of the solvent. c. TTie temperature. 

b. The pressure. ^ ' d. The n^ityre of the solute. ^ 

#■ . * • 

21 . (022) In double^ecomptfsition reactions, the equivalent weight^of ferrous iulfate (F^SO^) i&' 

■ ^ , • ' « ' 

^ a/half its molecular weight. ; ^ twice its molecular weight. - 

b. .the same as its molecular weight. d. laot related to its molecular weight. 

2Z. (023) How many milMters of concentrated nitric add (with a specific gravity of 1 .4, an assay value of 
' 70 percent, and a molecbhr weight of 63) are used to prepaxe SOO milliliters of a 1 -N solution? 




a. 1.6 milliliters. \ , 'rr-16 milliliters. . | 

b. 3.2 milUliters. > d. 35.inilliliters. 

23, (023) How many grams of sulfuric acid (inolecular weight, 98) are needed to prepare 300 milliliters of a 
1-N solution? ' * * ' ' 

a. 9.8 grams. / c 29.4 grams. 

b. 14.7gf|ms. ^ d. 392 grams. 

6a. (023) How many millilite;;s of a 10-percent solution of glucose are required to prepare 1 12 milliliters of 
a 5-perccnt solution? " „ ^ 

a. 2.04 milliliters. / c 22.4 milliliters. 

b. 5. d milliliters. d. 56 milliliters. . / 

25. (024) A^ueof 126 mg-% of sodium chloride is equivalent to 

a. 20mEq/L. / c 60mEq/L. 

b. 40mEq/L. ' ' d. 80mEq/L. 

26. (025) Chemicals which resist a change in hydrogen jon concentration are referred to as 

a. adds. c. buffers. ^ 

b. bases. • d. indicators. 

^ ' • ,t 

27. (026) Abuffer ismosteffidentwhentljie concentration of the add is 

a. one-third the concentration of the salt. * c. equal to the concentration of the salt. 

b. half the concentration of the salt. d. twice the concentration of the salt. 

28. (030) Which of the following sutes that optical density of a colored solution is directly proportional 
to the concentration? , 

a. Newtonis axiom. c. LcChatlier's principle. 

b. Beer-Lambert law. » d. Bronsted-Lowry concept. 
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29. (032> Instruments which measure fadiint onergy cauml by photoluminescence are dolled 

a. Duboscq colorimeters.' 7^ * c. fluorimeters. 

ultrayioWt spectrophotometers; ♦ d. infrar^^pectrophotometers, 

30. (033) Which of the following should not invalidate Beer*s law? 

> ft ■ 

a. Qear solutions. , ' c. Tyndall effect. ^ * 

b; Heavy concentrations. ^ d. Turbid solutions. 

31. (033) Calculate the V factor for the spectrophotometer Cormula if you use 5 ml. of a protein-free 
filtrate (PFF) prepared as follows: 1 6 mL acid» 2 ml. serum, 2 ml. tungstate. „ 

a. '0.5.* , ^ c. 2.0. 

b. 1^. , J d. 10.0. ^ \ 

32. (033) Given data as follq(Wi: . ^ - " 
5 ml. of 0.1 mg-% standard OD^ « 0 J25 S mL of a 1 : 10 PFF 

ob =.0J25 . • . ^ 



The concentration of the uqknpwn in mg-% is 

a. 0.8. ' - c. 3.2. ^ ^ 

b. 1.6. ^ - ; d. 9.1. - ' ' ^ ^ ' ■ 

33. (034) A curve used to calculate BUN results in an example of the curve designated as 

a. C-A. " * . , c. S-T. 

b. S-A. \ ^ d. nonlinear. 

34. (034) If percent transmittance is plotted versus wavelength instead of 0 J), vfenus wavelength, the 
resulting curve is ' • y 

a. invalid^ ' c bell-shaped. 

b. skewed. * dj* inverted. ' 

35. (Q36) The best way to avoid **dnft'* due to significant line voltage fluctuations affecting the Coleman, 
Jr. Spectrophotometer is to use a . ^ 

■ . ■ ■ ■ \ \ - ' • 

a, transformer. ^ c. wet battery; ^ ^ j 

b. rheostat. a . d. voltmeter. 

' : > ' - • 

36. « (036) The first thing you should do in per^rming a routine exciter lamp check on a^ Coleman, Jr. 

Spectrophotometer is to ' • ^ 

a. set the wavelen^tt^t 400 ni|L£. > c. unplug the instnmient. 

b. disconnect the lamp. d. cle^ the lamp. " ^ 
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(040) In checking the wavelength calibration oii a Coleman Jr. Spectrophotometer, you note that the 
galvanometer hairline is' very erratic. This is probably the fault of the ' 



38. 



a. rejcciter lamp. 
bV calibrating filter. 

(040) ^Ttflame photometer measures light which a specimen 



c. power supply. 

d. photosensitive cell. 



a. transnjjits. 

b. emits. 



c. absorbs. 

d. niters/ 



39. (04iZ) Intensity of the chara^eristic light produced m flame photometry is meas^jred by meanis of 



a. an atomizer. 

b. an optical system. 



C. a burner . . ' 

d. a photosensitive detector. 



40. (043) When a problem in specimen collection develops, what are the two most important considerations? 



a. Time and cost. 

b. Technical efiiciency and time. ^ 



c. Trauma and the physician. 

d. The patient and technical accuracy. 



41 . (044) Before blo(jd*specimens are taken for chemical analysis, fastjiigls 



a. always required. 

b. never required. 



c. advisable if eating effects are unknown. 

d. advisable to avoid hemolysis of the specimen. 



42. 



43. 



t04S)' The danger involved in handling spinal fluid in comparison to other bifectious material is 

♦ 

a. much less. c. much greater. 

b. afaout the same. d. nonexistent. 

(046) In addition to removing protein, a protein-free flltrate , 

a. eliminates pigments and reduces adverse reactions. , ^ 

b. reduces adverse reactioib ptd coagulates protein. . ^ 
c coagtdates protein. 

d. eliminates pigments ai^d coagulates proteinl 

(047) What type of protein precipitation is demonstrated by the STA acid method? 

a. Protein dehydration, c. Cationic precipitants. 

b. Insoluble salt formation. d. Heavy metal precipitantsl 

45. (049) The objective of a gopd quality control program is to 



44. 



a. eliminate tincertainty. 

b. check technicians' work. 



1 



c. maintain ±1 a control. 

d. minimize technical variation. 



46. (049|^A solution which has an exact known composition is called 



a. control. 

b. standard. 



c. reference. 

d. A.CJS. grade. 
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47, (050-05 n Which of the lollowing sutements concerning standards/controls is true? 

ik. A standard may be a control. ^' 
<b. Stand^ds and controls are interchangeable, 
c. A control approximates the unicnbwn specimen. 
^ d. A control is assigned definite values. 

48, (OSl) What word below best defines precision in quality^ control? , 

* 

a. Reproducible. c. Accuracy, 
^ . b. Consistent! d. Validity, 

' \ 

49, (053) What statistical expression is used to describe roterallowable variation of a test? 

. a. Standard error. c. Accuracy'. " 

h. Precision. ^ - . cL Confidence limits, 

^50, (053) The jxjssibility that a control spcciinen will vary more than ±2 is 

' \. * ' . .. 

. a. 32 percent. c, 4^pcrc<int, 

b. 12 percent. ^ * d. 12 percent, 

*■ . ^ ^. 

5 1 . (054-056) What would the confidence Umits of a particular test be in mg-%, if yofts^t ±2.5& as 
allowable range, ± la is 2, and the mean control value is 100 mg-%?i 

a. 95 to 105. r c. 98 to 102. 

. b. 97to 103. d. 99to 101.. 
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Preface 



ONLY GENERAL chemical and physical aspects of physiological chemistry 
were discussed in the first volume of this course.^ This and subsequent 
volumes will , be more specific in their approach to clinical chemistry. Chapter 
1, for instance, ^discusses— sp&ific electrolytes, blood, gascf, and pH. Liver 
function with it« associated testis and "proteins" are covered in Chapters 2 and 3. 
Carbohydrate ' chemistry, primaffly' glocose^ is, developed in Chapter The 
final chapter is dev/Oted to one^ of the nipst difficult analytical areas of the 
clinical laboratory, enzymes? ^ 

If you hav^ questions on the accuracy or currency of the subject matter of 
this text, or recommendations, for its improvement, send them to: Med Svc 
ScK (MSSTW/^20), Sheppard AFB TX 76311. 

If you have questions on course enrollment or administration, or^'^ok any of , 
EcL's instructional aids (Your Key to Career Development, Study Reference 
Guides, Chapter Review Exercises, Volume Review Exercise, anji Course Exami- 
nation), consult your education officer, training officer, or Nc6, as apR|ppriate. 
, If he can't answer 'your questions, send them to ECI, Gunter AFB,# Alabama 
36114, preferably on ECI Form J7, Stujent Request for Assistance. . 
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A.C k n o w i e d g m e n t 

GRATEFUL acknowledgment is riiade for permission to use copyright material 
^ln lUustrmions as follgws: 

Figure 3, taken from the article "A New Approach to Acid-Base Metabolism" 
by Dr. Poul Astrup in Clinical Chemistry, published by the Medical Division 
of Harper & Bros., New York. 

Figure 13, tak^n from "Autoanalyzcr N Method. File, N-2a"' publislicd bv 
Tcchnicon Instruments Corporation, Chauncey, New York. 
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CHAPTEll 1 



Body Metabolites 



A' NY COMPONENT of metabolism is me- 
. tabolite. Included are vitamins, minerq^s, 
electrolytes, carbon dicfll^e, proteins,- and ijwater.'^ 
Our selected use of the term "metabohte" is 
Arbitrary, designed primarily for convenience in 
discussing' body chemistry from a laboratory 
viewpoint. Electrolytes are given special con- 
sideration because of 'their prominence in laboira- 
tory studies and their ionic char^icteristics. We 
wil/ consider both .anions and cations, which are 
negatively and positively charged ions respec- 
tively. To sustain life, anions and cations must 
maintain an equilibrium in various parts of the 
body. This is a dynamic equilibrium, which re- 
sults in characteristic intracellular^ and extr§^ 
cellular ion concentrations. Further, the concen- 
tration of a particular ion varies y^ith the type 
of cell and area of the body. Major selective 
forces are described in the concepts of X>onnan 
equilibrium and osmotic equilibrium, although 
other things must also be considered. In addition 
to cquilrbriuiD concepts, attention is devoted in 
this chapter to blood pH. Both the physiological 
and technical aspects of blood pH measurement 
are mentioned. Finally, the direct clinical impor- 
tance of calcium and phosphorus is explored apart 
from the discussion of electrolytes. Proteins are 
treated in a separate chapter. The purpose of pre- 
senting some clinical information in our discussion 
is t6 familiarize you with the importance of these 
chemical entities in the body. If you know the 
meaning of a test, you will find it increases your 
interest in your work, which in turn results in 
careful and accurate analyses. 

1. Body Eliectrolytes 

A'\. Body electrolytes are considered at some 
length in this chapter because of their vital role 
in evaluating patient progress. You will be called' 
upon in almost ^every major medical and surgical 
case to render data concerning a patient's elec- 
trolytes. With this information the physician tegur 
lates and restores the balance of electrolytes.which 
is critical to the well-being of his patient. A vari- 
cUion of 0.5 blood *pH can easily cause death. 



Consider each electrolyte, its normal value, and 
its physiological Significance as you read the first 
section of this chapter. Also, consider how a bal- 

, ance is maintained by the blood buffer systems. 
1-2. Nature .of Electrolytes. A substance that 
conducts electi^lcity in solution may be classified 
•as an electrolyte. Electrolytes conduct an electric 

^ current because they dissociate in solution to pro- 
duce a significaQt number of ions. Strong elec- 

, trolytes are those that are highly dissociated. So- 
dium chloride furnishes large numbers of sodium 
and chloride ions in solution and is regarded as 
a strong electrolyte. As you would expect, a 
solution of sodium chloride is an excellent con- 
ductor of electricity. Weak electrolytes arc only 
slightly dissociated in solution and are poor con- 
ductors. Carbohydrates such as sucrose, glucose, 
etc., are often presented as examples of non- 
electrolytes and do not dissociate appreciably; 
and, heilce, do not conduct electricity. 

• Positively charged ions are called cations 
because they migrate to the negative pole* or 
cathode. 

• Negative ions are called anions bccausQ they 
migrate to the positive pole on anode when dec-' 
trbdes having an applied potential arc immersed 
in the solution. 

The cations most frequently measured in the clini- 
cal, laboratory are sodium and potassium. The 
anions most commonly measured are chloride and 
bicarbonate. The electrolytes present in serum are 
shown graphically in figura 1. Electrolytes function 
in many ways to sustain the life processes. They 
are ^important in maintaining acid-base balance 
and controlling the pH of the blood within the 
relatively narrow range of 7.35 to 7.45. They 
are essential to cell^ permeability and nerve 
impulse conductivity as well as in regulating 
osmotic pressure. There would be practically no 
limit in describing the importance of electrolytes, 
and it, therefore, becomes more meaningful to 
discuss individual electrqiytes. 

1-3. In interpreting results, the clinician con- 
siders two major aspects -which are normally be- 
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Figure 1. Electrolyte cbrtfposition of serum. 
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yond the scope of the clinical Ldboratoryv They 
are, first of all, the relationship "cetween a partic- 
ular electrolyte and the organ or system involved. 
For example, the chloride level would bear a di- 
^ct relationship to the stomach or pancreas. Sec; 
ond, electrolytes are considered in relationship to 
each other. For this reason, electrolytes are 
ordered in groups commonly referred to as elec- 
trolyte batteries. Some knowledge of the relation- 
ship among electrolytes is helpful to the technician 
in achieving results which make sense. In this 
regardj^^ijerej^^lso an element of danger: You 
should noTailo^p^Xyour knowledge (or lack of 
it) to influence thd results you report. -In other 
words, you would not p^form a potassium de- 
termination with the conscious 6r unconscious 
view of arriving at a logical balance with other 
results. What is logical jn ^the laboratory may 
not be' logical to the physician who is familiar 
with the clinical condition of the patient!^ 

1-4. Distribution ^^^lectroiytes* Electrolytes 



are Tiot present in equal concentration through- 
out the body. The various concentrations differ 
according to whether they are intracellular or ex- 
tracellular and the kind of tissue involved. This 
is because cell membranes^re selective and only 
.semipermeable. Fiirther, the total ^ of eiectcical 
charges within the cell must essentially balance 
the extracellular charges. Spme constituents, such 
as proteins, do not move freely through cell 
membranes, but they do possess a charge and are 
to be considered in ionic equilibrium. The un- 
equal distribution of ions between two areas 
separated by a semipermeable membrane is es- 
tablished by Gihbs-Dofwan equilibrium. With-, 
out^a detailed account 6( how equilibrium is 
achieved, -we can state that ion^ shift between 
the plasma and the cell to maintain electrical 
neutrality or a slight potential difference. The 
equilibrium system is composed of both diffusi- 
ble and nondiffusible components. The dynamic 
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character of cell membranes^ accounts for vari- 
ous biochemical exchanges between the cell and 
extracellular fluid. Because it is more practical to 
measure extracellular ion levels t^an ions witliin 
the cells, most ''of your work is with serum or 
plasma. « * ^ 

1-5. Another important aspect in the exchange 
of materials across a cell membrane js the process 
of osmosis. Osmosis refers to the passage of a ' 
\ solvent through a membrane, more significantly 
water thrbOgh a cell membrane. Water passes 
from a region of lower concentration to an area^ 
oIF higher ion concentration. The resultant physi- 
cal force exerted in a given area is termed osmotic 
pressure, Keeg^ in mind that osmotic pressure is 
due to many ions present within and without the 
(fell. Electrolytes commonly measured in the 
clinical laboratory are a significant part of -the 
ions which maintain functional integrity of the 
cell. In most, if not all cases, you, will be con- 
,cerned with the fluid surrounding blood cells, 
though Our discussion applies equally to blood 
veils and other body (somatic) cells. 

1-6. In addition %o, assaying serum and plasn^a, 
you can secure more valuable data indirectly 
measuring the concentration of ions in urin)p, 
spinal fluid, and perspiration. Kidneys normal! 
conserve water and electrolytes otherwise los\ 
and are the maijor means of Nexcreting exc;esses.\ 
Uncompensated loss of water uom the body re- 
sults in dehydration, a condition Vhich may have 
a profound effect upon ionic conomtration. This 
occurs in many situations includW' sustained 
febrile conditions, diarrhea, inadequate fluid in- 
take, and many other .clinical manifestatibns. The 
decrease in fluid volume is primarily extracellular. 
This is accompanied by^ a corresponcjing fall in 
blood pressure which may lead to a state of shock. 
Transfer of water into the cells takes place when 
the concentration, of ions withia the cell exceeds 
extracellular water concentration 4nd \s due to 
the osmotic pressure differently. Hiwever, if the 
loss of water causes the extracellular fluid to be- 
come hypertonic, fluid will leave th^ cells. Both 
situations occur clinically, the latter being more 
abmmbn. 

1-7. It is essential for you to realize that elec- 
trolyte concentration by itself says nothing of 
fluid volume, and hence, does not provide ac- 
curate information about totial electrolyte 'gain or 
Idss. Sodium and potassium ma^y be lost from the 
body along with large quantities of water without 
any. appreciable effect on electrolyte concentra- 
tion, sinc6 concentration depends u^on both 
amount of sojute and volume of solvent, in this 
case blood volume. In most cases, the clinician 



^Ccll membrane — it is understood this is not a membrane in the 
usual sense, but a selective molecular arrangement which separates 
the cell from its environment. 



is able to deduce the tfue oxtent of the deficit 
from both laboratory and §Jinical data, which 
emphasizes the need to jnterpret laboratory results 
in context. 

» 1-8: Sodium. The concentration of sodium in 
plasma exceeds the concentration of any other 
cation.'' Actually, sodium comprises more than 90 
percent of all the cations. The nbrmal range is 
138 to 14*6 mEq/L. Thp daiiy dietary intake of 
sodium is usually substantial. That which is not 
needed is excreted in the urine and to a lesser 
extent in perspiration. Most of the body sodiuhi 
is present in fluids, but large amounts are found 
in the skeletal system. It is more common to find 
a decrease than to find an increase ^n serum 
sodium. As stated previously, there may be a 
loss of sodium with proportional loss of fluid, 
thus causing li^le change in the concentration 
of sodium. Conversely, water retention can hide 
the fact that total body sodium giay have in- 
creased. Both ^^odium and potassiun^|pre mea- 
sured with the flame photometer and reported in 
milliequivalent terms. Sodium concentration is 
often evaluated with respect to the concentration 
of bicarbonate and chloride ions. Sodium has a 
primary function in osmotic equilibrium, cell per- 
meability, and m*uscle irritability. 

1-9. Potassium: The normal serum potassiuhi 
level in th^ body is 3.8 to 5.0 mEq/L. However, 
most of the potassium is present within body 
ccll§, with some in the extracellular fluid. It is for 
this reason that you should not perform potassium 
determinations on he^olyzeti serum. The result 
would inevitably be higher whendvcr seru'm is 
hemolyzed. Elevated plasma potassium (hyper- 
alemia) is assoc^ted with disease of the heart 
nd central nervous system. Regulating potassium 
litvels is a problem for the physician in renal fail- 
ufe\ Addison's disoase, and dehydration. A low- 
seiuVn' potassium is frequently a postoperative 
problem because the patient most likely has re- 
ceived fluids low in potassium. The physician fre- 
^queinly orders postoperative^ potassium levels. 
Low-serum potassium levels (hypokalemia) may 
also ocaur in various other conditions, especially 
diarrhea^ Potassium deficiency results in cell dam- 
age, panicularly cell$ of the kidney tubules. We 
frequently associate potassium with muscle ac- 
tivity, nero/e impulsifs, and, of course, acid-base 
balance. Like sodium, potassium functions in 
maintaining osmolic balance between the cells 
and extracellular fluid. . 

1-10. Chloride., The chloride content of plasma 
is not equal to the sodium concentration. .Tl^is is 
best explained in terms of nhc Gibbs-Donnan 
equilibrium previously mentioned. In the presence 
of negatively charged protein, there must neces- 
sarily b"* more sodium ions and fewer chloride 
ions to maintain electrical neutrality. In more 
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general terms, ia the presence of a nondifhisible 
protein anion, the Concentration 'of the di^usible 
sodium cation would be higher than thaCp£-4he 
diffusible chloride anion. It should also be kept in 
nrind that total ionic concentration -within the cell 
is not identical with the extracellular ionic con- 
centration, and as a result, there is a difference in 
osmotic pressure. As you Ijpdw, chloride is usually , 
/reported based on the milliequivalent weight of ^ 
sodium chloride. It would appear that little justifi- 
cat^n cX'ists'for expressing the chloride concentra- 
tion in terms of sodium chloride, since the so- 
dium concentration of plasma does not equal 
chloride concentration. In reality, the report tc the 
physician reflects' the same relative situation 
v^hether chl^jSte content is reported in terms of 
the milliequiva^it weight of chloride or of sodium 
chloride. „ 

It may sometimes be difficult dk^ you to 
think in terms of .ions ^ rather than compounds, 
and you should realize that some currcift labora- 
tory practice is a carryover from daya^ of less en- 
lightened theory. You mn easily rciogpize how 
chloride came to be reported as NaCI, because 
sodium and chloride ions are closely associated. 
Mpst chloride taken into the body, is in the form 
of sodium chloride, and a deficiency of one is 
llk% aqcoAipanied by a deficiency of the other. 
A decreased plasma chloride develops in exces- 
sive perspiration and conditions accompanied 
by a decrease in plasma sodium. However, the 
relationship of sodium to chloride is not always 
simple. Situations do occur in which chloride 
deficiency is more striking than loss of sodium. 
This is likely in diminished pr6ductidh or mal- 
absorption of gastric juice for the' obvious reason 
that chloride ions are abundantJn gastric juice. 
When chloride loss is greater thin sodium loss, 
^ there will be an elevation of the scrumj-bicarbo- 
nate to maintain electrolyte balance. The basic 
condition which then results is hypochloremic, 
alkalosis. When sodium loss is greater than 
chloride loss, as in obstruction of the lower j>or- 
tion of the small intestine, there is a Hecrease in 
serum bicarbonate which results iir acidosis. 

1-12. Dctemiination of Chloride. There are a 
variety of titrimetric methods to determine the 
concentration of chloride ions rn body fluids. 
They are commonly performed on serum, spinal 
fluid, perspiration, and sometimes on urine. The 
procedure most widely accepted in Air Force 
facilities is that of Schales and Schales. A sample 
is titrated with a solution of mercuric nitrate. 
In the presence of S-diphenylcarbazonc, after all 
mercuric ions have united with the chloride ions 
to form ionized mercuric chloride, the excess 
mercuric ions will prod'ucTa lavender color. If 
serum is titrated directly without preparation of a 
PFF, the pH is sometimes high enough to pro- 



duce a purple color immediately upon addition of 
mercuric nitrate. To prevent confusion, you may 
add a drop or tw#of O.liV HNOa or continue 
to add mercuric jnitratc quantitatively until the 
color disappears!^ As discussed in a previous 
volume, wr recommend that you prepare a pro- 
teiivaree filtfatc to prevent binding of mercuric 
ioifs with the protein. The ^normal value for a 
serum m plasma chloride , is in the range of 98 
to 106, mEq/L. The normal value for spinal 
fluid chloride is 123 to 128^Eq/L, notably 
higher than the normal for scrum. For reasons 
of*^ consistency with other electrolyte values, 
chloride is not usually reported in mg-%. 

1-13. Another method of measuring chloride 
makes use of silver -compounds. The technique of 
Volhard, introduced just before the turn of the 
century, uses silver nitrate. After precipitation, 
the excess silver ions ,are titrated with a thio- 
cyanate. A mose recent procedure, using silver 
compounds is that of Scndroy, which was intro- 
duced in 1937. In the Scndroy procedure, the 
chloride ion is reacted with silver iodate .(AglOa), 
resulting in the formation of insoluble ^silver 
chloride and iodate ions. After the solution \i 
filtered or ccntrifugcd to remove AgCl, the iodate 
ion concentration is determined as an index of 
chloride present before the reaction. The iodate 
ions are measured in various ways, usually by a 
thiosulfate-starch titration. This procedure can be 
used v/'iih accuracy, but is not qi^e as simple as 
the Schales and Schales method. 

1-14. Sweat electrolyte' determinations arc 
essential for the early diagnosis and treatment of 
children with cystic fibrosis. This dfseasc is one of 
the most serious chronic diseases of childhood.- 
Sweat chloride is most of Jen used as a screening 
test since in cystic fibrosis these chloride values 
range above 6a mEq/L, while in normal children 
the concentration does not exceed 60 . mEq/L. 
Heterozygous individuals- are reported to range 
from 40 to 60 mEq/L in sweat chloride con- 
centration. Porous paper and agar, impregnated 
with reactant chemicals, have been used as a 
simplified sweat chloride screening test. ^How- 
ever, the literature is not in agreement on the 
efficacy of this method. 

1-1!^ The problem of obtaining a sufficient 
quantity of sweat, without^ undue stress to the 
phild, has been solved with the introduction of 
pilocarpine iontophoresis to induce localized 
sweating. The procedure must, of course, be 
supervised by a physician. A simple iontophoresis 
instrument, described in the Medical Service Di- 
gest of December 1965, costs less than SIO.OO 
to build. A slight electrical charge from the lonto^ 
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photcsis insUUincnt causes pilocarpine to enter 
. thp §fcirt ^sue. The area <forearm or leg) is 
ihoifQUghlwiashed and rinsed before chemically 
clean gauR or*porous paper is placed to absorb 
the sweat Ulttamicro titrimetric (Schales & 
Sphaies) or eicctromelric determinations for chlo- 
ride have been used directly on sweat obtained 
by ccntrifugation, tlsually^ a<^ufficient amount 
ji recovered ta also determine the sodium con- 
centration on a diluted specimen. 

r*16. Bicarbonafe and Carbon Dioxide Con- 
tent No electrolyte battery is complete without 
a jdetermination of carbon dioxide content Some 
instrumentsmeasnre carbon dioxide vplumetri* 
cally; others may l^e manometric, as shown in 
figure 2. Sub?e(][uent discussion will show you the 
difference in :4merpretation of COv content and 
GO2 combining ppwer. Another technique mea- 
sured the plasma of . serum bicarbonate levels by 
titration with a standard a<;id^nd back-titration 
with a Istandard ^. nase. These manometric, vol- 
umetriCi and titi^^trjic procedures are published 
in detail in AFM; 160-49, 1 April 1967 Revision^ 
Labomtory Procedures in'^inical Chem AU 
three procedures^ have been used extensively in 
hospital laboratories; ^ore recentiy an automated 
cQlorimetnc met(iOd emptoyjirig earlier titrimetric 
principles has been intrq^bced for the. Auto-'- 
analyzer** . ' 

" Un. The funijamtnm purpose of 'tneasuring 
CO;«M content is to enable* the, physician to evalu^ 
ate ibuffcririg capaeityjSf the bloQd to maintain 
a. pn^iM 7A^ Relatively littie carbop dioxide is 
normally present in Ihe plasma as dissolved GOi. 
Instead,^ it is carried in th^ cells and plasmai in , 
combination with hemoglobin and other pro- 
teins in the form of bicarbonate, and a small 
amount as carboniq acid. To maintain a pH of 
7.4, a ratio of 20:1 must be maintained be- 
tween bicarbonate and carbonic acid. (There are 
also other buffer systems in the body that are not 
discussed here.) Before studying the Henderson- 
Hasselbalch equation, y6n Should review the con- 
cept 06 ionization in Volume J and "pff" in 
Chaptec 3 of voluigp 1 . - 

^|.-18. You will remembec.that pH may be 
exorcsscd as a negative logarithm of the hy- 
dlpgen ion concentration, prf -*log [U^h 
Af a'gH 7.4, then, the [H+] is. 10--^ moles 

^'^peff liter. The equilibrium expression for ioniza- 
tion pf any weak acid, such as HmCOj* in aque- 

^OUs solution Avas detailed in Volume 1. This loni- 
zatio^exprcssio^^^^^ carbonic acid is 

.whete.HSCOtf is jfie acid; the hydrogen 




Figure 2. Natelson microgasometcr for the manometric 
' determination of carbon dioxide. * 

ions; and HCO.^-, the bicarbonate ions. The 
ionization Constant (K„) is the ratio of the product 
of hydrpgcn and bicarbonate ion concentrations 
to the concefttr*ation of carbonic acid/or mathe- 
matically 

[hit] [HCOrl 



It is more convenient to express this in its loga- 
rithmic form (HogKrt) when making calculations 
with pH. Introducing jthe definition of pH = 
Hog [H-^] = 10^i'»^. therefore, pK., = 
-logKu = ,10 ; The pK« for tljis reac- 
tion in blood is dependent upon temperature, 
ionic strength, and the presence of protein. 

.1-19, In terms of the Hender^on-Hasselbalch 
equation for buffers, the carbon dioxide buffer- 
ing system is expressed as follo^v^s: 

(1) 



pH = pK. + log 



It 



The pK: value for this buffer system is-e.l.' Using 
this value, ^ve could write the equation as follows: 

10-7.4 ~ lo-o.i tHCOa-] ^ 

(HXO;,] 

Then solve for the ratio, as follows (see footnote 
4): 



/ [HCO,^-] _ 10-7.4 ^ , , 
{HXO.,1 - lO-«.i ' - J 0-1.1 ^ "20" 

You wDl find that the pKi value in (1) above 
is not the pK^ of carbonic acid. Rather, it is 
the pK for dissolved m., which is proportional 
to carbonic acid concentration. 

1-20. The partial pressure (pCOj) of carbon 
dioxide in the lungs will deteripine the amount 
of dissolved COj and small amount of carbonic 
acid that will be in equilibrium in the plasma. 
This relationship's expressed mathematically as: 

(2) 



HXO.^ mM/L 

■* or =r a 
CO.. dissolved 



pCO., 



where "a" is a constant known to be 0.03 - for 
dissolved CO.. in mM/L. It follows that pCC. 
is .proportion^ to carbonic acid' or dissolved 
CO.J concentration. 

1-21. Carbon dioxid^ will diffuse to any other 
phase (solid, liquid, or gas) which has a lower 
partial pressure and is exposed to the plasma. 
This is the reason why blood specimens for CO.j 
content and direct pH measuriefments must be 
drawn anaerobically. This can be done in a sealed 
vacuum tube system or capillary tube if the con- 
tainer is filled completely to minimize a gas (air) 
phase in contact with the blood specimen. In the 
past, blood was collected anaerobically under oil 
but this method has not been used generally 
since the advent of suitable vacuum tubes. 
Heparin is the anticoagulant 6f choice for this 
collection. The equation \h (2) may be sub- 
stituted in the Henderson-Hasselbalch equation 
(1). Thus: * 



(3) 



'CO.J content (total CO.) includes both bicar- 
bonate and CO.J dissolved (carbonic acid, 
H,CO,), 

CO., content = HCO.^ + CO., dissolved 

Substituting equation (2) for carbon dioxide dis- 
solved: . 

CO. content = HCO.j- + (a • pCO..) 
and 

HCO.J- = CO^ content - (a • pCO^) 
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Substituting this in the Htnderson-Hasselbalch 
equation (1), 

\ (4) 

pH = pK. + log t^Q^> content ^ (a » pCO..)} 
'a * ^O, 

This formula describes the relationship of. Car- 
bon dioxide partial pressure (pCO..) to acid-base 
balance as it isT expressed in ^the Henderson- 
Hasselbalch equation. The significance bacdmes 
more apparent when you realize that thi? acid- 
base relationshp can be defined if either the pH 
or CO.J content is determined at a known pCO-. 

1-22. This concept is the basis for a relatively 
new' approach to quantitation of the factors in- 
volved in acid-base balance as proposed by Astrup 
in 1961.^ The Astrtip approach uses a capillary 
glass electrode to measur^ blood' pH at t^o 
known pCO-j values, one high and one low! 
Whole blood is eq^sjjibgated with, each of these 
gases at 38° C. before the pH( is measured. These 
two points are plotted on a prepared nomogram 
with pH versus pCQ.j, as shown by points A and 
B in figure 3. When these two points. are joined 
by a straight line, all relevant acid-base data 
can be obtained from the nomogram. When* the 
pH of an anaerobic blood specimen is deter- 
mined, the actual pCO:* is obtained from the point 
of intersect- with the straight line plotted pre- 
viously. This is indicated by point F and the 
dotted lines in figure 3. The actual pCO-j and pH 
values of the patient may now be substituted in 
^ the Henderson-Hasselbalch equation (4) to es- 
tablish the state of aci^-base equilibrium. 

1-23. Astrup ii^itroduccd several new terms 
which may be calculated from his nomogram. 
They are defined as: 

Standard bicarbonate — the bicarbonate con- 
centration of plasma from completely oxygenated < 
blood equilibrated at 38° C. and a pCOj of 
40-mm Hg. 

Base excess — the 'excess ' (positive value) or 
deficit (negative value) .of base in mEq/L, as- 
suming normal base excess is zero af pH 7.38, 
and a pCO-j of 40-mm Hg .on completely oxy- 
genated blood. 

Buffer base—\hQ sum of all buffer anions 
(mEq/L) in I liter df-bteod. 

The arrangement of th^se values' can be seen 
on the nomogram in figure 3. Several American- * 
made pCOj instruments arc available with a direct 
readout of pCO.j and nomograms for other cal- 
culations in acid-base balance. 

1-24. Let us summarize what Hie previous dis- 
cussion of acid-base balance means to you as a 
laboratory technician. First, it is obvious that 

•"'Astrup. Poul. "A New Approach to Acid-Base Metabolism/* 
Clinical Chemistry/ 7:1. 1 96 1, Hocbvr. Inc.. Harper & Brothers, v 
Ncvy York. 
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sinc|| bicarbonate represeirts two^hirds of the 
blo(M-fauffering capacityv an adequate measure- 
ment of bicarbonate will establish the state of 
acid-base balance. However the bicarbonate de- 
termination must be made with regard to clinical 
physiology and the Henderson-Hasselbalch equa- 
tion. This equation (I) has three unknowns: pH, 
bicarbonate.' and carbonic acid concentrations. 
The (Equation can be folA^ed if any ^o of theSe 
unknowns are (fetermined. However, this fcrm of 
the equation is valid only^when the pCOa is nor- 
mal. That is when there is no pulmonary jnvolvo- 
ment or abnormal respiration.? The subsrituted 
form of the Henderson-Hasselbsjlch equatiOir(4) 
accounts for any change in pCO- and has three 
unknowns: pH, CO^ content, and pCO^. It is 
evident that either pCO^ or pH. must be deter- 
mined in addition to CO-.* content to adequately 
solve this equation. '•« ~'8»'J*> ^ 

1-25. In conclusion you should note that CO^ 
combining power has been excluded from this 
discussion of acid^base balance. In 1932 Van 



'^Naiicau. Ct.. "A Simple Method for Combined Determination of 
Pins ma Bicarbonate. pH. and Chloride." American Journal of 
CUiucal PattioUify* 23:710-712. July 1953. Williams and Wilkins 
Co.. Baltimore. '"^ 

'Modes. M.E.. "CO^ Content (Titrimetrjc;.'" Standard Methods ot 

Clinical Chemixtry. Vol. 1, Reiner. Miriam (ed.). 1953. Acudemie 
Press. Inc.. New York. 

*Henr>-. Richard J.. Clinical Chemistry Principles and Technics. 
1B64. Hocbcr'Med. DIv., Harper & RoW- New York/ \ 
^Handbook of Clinical Laboratory Data. Damm> H.C.. (ed.). 
19fi5. The Chemical Rubber Co.. Cleveland. Ohio. 

>"Millcr. Seward. A Textbook of Clinical Pathology. 1966. Wil- 
liams & .Wilkins Co.. Baltimore. \ 



Slyke recognized the limitations of CO;? combin- 
ing power for evaluation of blood-buffering 
capacity. Since the titrimetric method for bicajr-* 
bonate (paragraph • 1-16) also disregards the 
physiological significance oi pCOj, it is for all 
practical purposes the same as COj combining 
power. Both of these tests are of limited value in 
assessing acid-base equilibrium and may, in fact, 
be entirely misleading. > 

1-26. Although most of the buffered carbon 
dioxide Js transported in tl^fe Tplasma as bicar- 
bonate, ipor^ than thrce-foyrtHs of the total car- 
bon dioxrdc is carried By the red blood cells. This 
can be explained in terms of ionic shifts which 
take place between the red blood cells and the 
^plasma. As bicarbonate (HCO:j") moves from 
the red blood cells into the plasma, ciiloride ions 
move into the cells to maintain electrical neu- 
trality. You may recall there are primarily po- 
tassium ions within the cells and sodium ions in 
the plasma to balance the anions present: The 
movement of chloride to replace bicarbonate ^ in 
balancing potassium is referred to as the chloride 
shift. The entire problahi is one of preserving the 
blood pH while the patient may encounter either 
respiratory of metabolic activity that tends to 
change the ratio or carbonic acid to bicarbonate. 
Jrhe various conditions which may occur are 
respi^tory acidosis or alkalosis and metabolic ' 
acidosis or alkalosis. Each^^ condition character- 
istically affects the ratio and may be compensated 
by various factors. In metabolic aclasis there is a 
decrease in bicarbonate. This ma>\ occur in renal' 
disease or in diabetes mellitus. piabetic acidosis 
psults frqm loss, of bicarbbnate apd increase of 
carbonic acid following the release of hydrpgen 
ions from the breakdown of fats and ^proteins 
(gluconeogetlesis): The opposite is encountered 
in metabolic alkalosis, wherein there is little or no 
change in carbonic acid content of the bloody This 
nrf&y occui^ as a result of intestinoji obstruction, in 
I which case the chloride may also 'decreasc^n cer- 
taip respiratory diseases there is an increase in 
carbonic acid relative to bicarbonate, and the 
effect is respiratory acidosis. Finally, in respira- 
tory alkalosis, the carbonic acid decreases with a 
disproportionate decrease in the bicarbonate. The 
' chloride may be elevated as well as in hyperventi- 
latibn. Knowledge of the plasma CO^ content and 
. pCOj or pH aids the clinician immea^ably in 
evaluating symptoms relating to the treament of 
his patient. 

1-27. Etecfrometric Measurement of pH. The 

physician does not always have a clinicaldhistory or 
prior knowledge of a patient's disorder. Lacking 
. information on the etiology of a patient's con- 
diSidn, the physician would not necessarily know 
if the diagnosis should be acidosis or alkalosis. 
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Further,uhis cannot be determined with certainty 
•from carbon dioxide levels alone. It is, there- ^ 
fore*, necess^ary to measure blood pH directly or 
to calculate p€0_. in addition to measuring CO- 
content. Because of the narrow limits within which 
blood pH must be measured, only specially do- . 
signed pH meters are sensitive enough for this 
purpose. Even in diabetic coni^j^p.rftf^^^H^f the 
patient s blood may not vary from the normal by 
more than 0.5 pH uijiit. There are pH meters 
available today which can measure^to 0.001 pH 
unit on samples as smalLas 0.015 ml. 

1-28. Regardless of design or' sensitivity^ pH 
mcters^^ll measure electrornotive forces. This can- 
not bt accomplished with a single electrode, be- 
cause potential difference exists between two 
electrodes. With one of the electrodes as a refer- 
ence electrode, the potential of the other is mea- 
sured in comparison with this standard'. VarioM? 
electrodes are in use— five are disqussed here. 
The first is a hydrogen electrode, which is arbi- 
trarily assigned a value of 0.0 volts. U is composed 
of a strip of platinum which has been coated 
with platinum blhck. When this electrode comes 
in contact with hydrogen gas anid water, electrons 

* are released and adhere to the metal. The c\ccy 
trode will then have a negative charge. Hydroa^ 
electrodes are prepared in which the hydrogen |ga^ 
is under a pressure of one atmosphere, If Ithe 
temperature *is held constant, the electrode will 

• maintain a standard val^. This type of electrode 
is not used fq^ blood because the carbon, dioxide 
woi^y be removed by the hydrogen. The hydro* 
gen electrode is the standard electrode upon 
which all others are baseid. 

I -29. A second type oj. electrode U the calomel 
elcctfnde. This electrode is usually tha reference 
electj^^de used in blood pH measurements. Calo- 
mel electrodes are less difficult to prepare and 
maintain than hydrogen electrodes. They are com- 
posed of mercury, a paste of HgjCl j. and a solu- 
tion of potassium chloride (KCl). Under stan- 
dard conditions a saturated caldtiiel electrode will 
have a potential of 0.246 volts. 
I 1-30. A third type of electrode used is the 
^^^inhydrone electrode. It is used in solutions in 
which hydrogen of the hydrogen electrode would 
react with a component of the solution. The 
rationale behind 'this t>pe of electrode is that 
hydroquinone (Cr.H, (OH)J reacts with water 
to yield quinone (C,;H,0J and hydronium ions 
with the release of electrons. 

1-31. A fourth type of electrode is the glass 
electrode, which consists of a metal such as plati- 
num immersed in an acid solution and* inclosed 
' in permeable glass. This is the blood pH elec- 
trode. The principle of the glass electrode is^uite 
involved, but essential characteristics are esOab- 
lished by a difference in hydronium ipn concen- 



tration on eifher side qf a glass membrane. For 
this reason, most of the older glass electrodes on 
the market are not valid for solutions of high pH 
or very low'pH, since* what passes througb-ibe 
glasus^membranc i^^fectcd by extremes in pH. , 

1-32. The fifth .CTCCtrode we mention i-s^rcom-^ 
posed of a rod of antimony coated v with anti- 
monous oxjde. While this electrode is not usually 
used in the U.S. Air Force, you should be aware 
of its exist^ce. 

1- 3^. Regardless of the type of electrode. pH 
nf^ters 'measure potential difference betweciT two 
electrodes, one of .which is standardized. Tem- ^ 
pera^ure affects the detern)ination and must be 
controlled whenever pH is measured within nar- 
row limits. Potential of the circuit established is 
measured with a potentiometer after amplification. 
Only when the'^^cell resistance exceecis 1 megohm * 
is a special voltmeter necessary. This is the case 
when glass electrodes are a part of the system. 
Cfrcuit diagrams for particular. pH^ meters can be 
obtained from the manufacturer of the particular 
instrument. It is sufficient for you, as a technician, 

to understand how it is possible to determine hy- 
drogen jon^concentration electrically. Models vary 
widely in mechanical design and in the adjust- 
ments they require. S^me arc equipped with 
,thermocompcjisators which eliminate the necessity 
for manual tempcratfure adjustments. ^ i 
^-34. Standardization is always necessar7, and 
- is accomplished with one or more known buffers. 
The most cornmon prot)lem in standardizing a pH 
meter arises when you do not know the correct 
pH value of your standard buffer. A series of 
buffers should be kept on hand, and some of thcsc^ 
should be procured^ from a commerfcial sourcC 
Also, you should 'give special attention to condi- 
tions under which the' buffers are stored. Con- 
taminatioti is always a threat to reliability, es»- 
pecially when several people have access to 
standard buffers. Jfinally, a pH meter should be 
used to measure the pH of solutions for which 
the instrument and electrodes were designed. As 
mentioned earlier, all instruments arc not suitable 
for the measurement of blood pH. A blood pH 
meter, as shown in figure 4, is a highly specialized 
instrument. 

2. Other Inorganic Metabolites 

2- 1. Two very commonly assayed inorganic ions 
arc calcium and phosphorus. They are frequently 
requested in the clinical evaluation of metabolic 
disorders. As you read, try to appreciate the re- 
lationship between calcium and phosphorus levels., 

2-2. Calcium. The most abundant cation of 
the body •is calcium because it makes up a large 
part of the skeletal system. Calcium is also pres- 
ent in the form of calcium ions, which arc present 
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. tn oervc and muscle tissup as weft\/in the coagUt" 
-ylation mechanism of blood It may be r:ecalled that 
many Of the anticoagulants added to blood spcci-" 
mens function by precFpitatfon of calcium* One 
docs not normally encounter a calcium deficiency 
which is severe enough to interfere With the body^s 
coagulation mechanism. 

2-3. The normai intake of calcium amounts to 
sevc^ral grams per day^ with an essential daily re- 
quirement of just over L5 Gm. Various factors 
facilitate the absorption of calcium, including pH 
of th^e intestine and the presence , of Vitamin D. 
The normal scrum level is 4.5 to 5.5 mEq/L or 
9 to l l , mg-9K with no reported variation related 
to diet or fasting rendition of the patient. Blood 
cclisi ihcinsclvcs^ contain a negligible auiount of 
calcium. Besides being in the form of ions/ cal- , 
\ cium in 'the noiidif^usiblc, form .combines wkh. 
certain plasma constituents. Clinically, a decrease 
in ibniiable calctum is associated with tetany, a 
condition characterized by spasms of the extrcmi- 
, ties. Tetany may occur during pregnancy because* 
\ 'Ot the idem£Uid -tdr\caldum* .especially due to^ 
Jactation*^ ?Ff^crc att btfier -jCauW^ d<:creased 



calcium, including removal or deficiency of the 
parathyrqid glands^ alkalosis^ and Vitamin D defi- 
ciency. The mflucncc of the parathyroid glands is 
profound. In hyperpafathyroidisml ^erum calcium 
may be elevated to 20 mg-%' or more. The level 
of catctiini is Invariably closely associated \Vith 
phcsphofus levels of the serum, and these two 
elen^ents lend to maintain a constant ratio. There 
-ts ^usually a! concomitant increase in serum phos-^ 
phatC' levels as there is a decrease in calcium 
valdes* However, there may b^ deficiency 'of both 
cal<fiuin and phosphorus^ ^s; in. rickets; ^; 

^-4, Determining Cakiuih Levefs* Tb^i'e are 
many techniques for determining serum calcium 
IcNcls. In som^ methods calcium is precipitated 
wi|h some anion like oxalate, with quantitative es- 
liination of the anion. Other methods inrate di- 
rectly. Msing a suitable indicator sueh ait am- 
momUT^ purpurate. A number of serum constitu- 
ents interfere witlV,:UiVcC^k>n titration and, in 
addition, end points are not' usually clear enough 
, to establish this aj> a nicthod of "choice. C*alcium 
. can^;<t>f course/ be dotermiried directly with a 
flame photometer. Thi$\appQars to be one of the 



ERJC 



\ 



simplest and most convenient methods, but is 
rejected by some laboratories on the basis of tech- 
nical difficulty in achieving desired accuracy. Not 
ail flame photometers are suitable for the deter- 
mination of Qalcium because sodium and potas- 
sium both affect the emission spectrum of cal- 
cium by positive interference. Utilization of the 
photometer for Ca^ ' levels requires the use; of a 
blank'* containing sufficient levels of Na ^ to over- 
come the interference of this electrolyte. A calcium 
standard is available through supply channels. 
Phosphate and sulfate, on the other hand, inhibit 
the emission spectrum of calcium. M^st praise 
results are obtained by using an organic solvent 
together tvith a nonionic wetting agent. In any 
case, if a particular laboratory achieves results 
within the accepted standard deviation limits with 
the photometer it uses, there appears to be no 
objection to the photometric methpd. 

2-5. It is not possible to discuss in detail all of 
the various techniques available for the assay of 
calcium. Perhaps the most widely accepted chemi-* 
cal method in U.S. Air Force facilities is an^ 
adaptation of the Ferro and Ham method. Ih 
this method, calcium is precipitated as the insolu- 

* ble salt of ehloranilic acid. It is washed free of 
-excess ehloranilic acid, using isopropyl alcohol. 

Thc'precipitate of calcium chloranilate is t^hen dis- 
solved in a solution of ethylenediaminetetraacetic^ 
acid Qetrasodium salt). The resulting pink solu- 
tion Is compared photometrically against a simi- 
larly/ prepared standai'd. Where urine is used as 
the Ipecimen, either the^ flame photometer method 
or the Sulkowitch determination is normally used. 
In the Sulkowitch test, calcium is precipitated with 
oxalic acid reagent and the degree^of turbidity 
is noted. Phosphates do not precipitate with cal- 
c5um, but the degree of turbidity may be affected 
by other urinary coristituents.^There is some ques- 
tion as to the value of such an approximation, 
and it is generally interpreted rather Jiberally 
2-6. Phosphorus. Like calcium, most phos- 
phorus jn the body is present in the skeletal sys- 
tenv and tc5eth. Phosphorus also has a key role 
in the liberation of energy by what is termed the 
"high energy phosphate bond." The hydrolysis 
of adenosine triphosphate (ATP) produces about 
8.00^ calories per molecule. In a discussion of 
biological energy, it is customary to represent ?uch 
a high energy bond with a curved line C-^). 
but the energy is not actually all contained in one 
bond. RathtjTr eneTrgy is released by group trans- 
fer as ATP is hydrolysfed to produce adenosine 
diphosphate. (ADP). This is the mode of storing 
energy from the oxidation of fats and sugars, 

• and in this sense phosphorus is the .powerhouse 
of the body. In fact, phosphorylation is essential 



JiThc blank most often iiMrd is "Koaccnt 12 which ctMUains 
600 mEq/L. sodium and 0.02 percent Stcrox SE. 



for intestk»at absorption of various dietary compo- 
nents, particularly carbohydrates. The normal 
scrum phosphorus level is 3.0 to 4.5 mg-ff : how- 
ever, with infants to I year of age. it may go 
up to 6.0 mg-%. 

2-7. As previously indicated, there is a rela- 
tionship between calcium and phosphorus in *the 
body. As calcium levels rise, phosphorus levels 
normally decrease. In diabetic acidosis the in- 
organic phosphorus level of the blood increases, 
but phosphates may be administered by the phy- 
sician to correct a deficiency of phosphate. In- 
organic phosphorus is sometimes low in rickets, 
as mentioned "in the discussion of calcium, "in 
which case the calcium is also decreased. Ordi- 
narily, calcium and phosphorus bear an inverse 
relationship to each other. Acidosis of renal dia- 
betes is different from acidosis of diabetes mellitus 
with respect to phosphorus. In renal disease, 
phosphate retention contributes to acidosis. To 
extend the analogy, in hyperparathyroidism there 
is a decrease in phosphorus as calcium incrc^es. 
(This was also mentioned in our discussion of 
calcium.) It is difficult to discuss talcium and 
phophorus separately, because levels of phos- 
phorus necessarily relate to calcium levels. The 
discussions of clinical areas art by "^no means 
complete, but will reinforce your awareness of 
the need to consider each laboratory result in per- 
spective. 

2-8. Laboratory Determination of Phosphorus^ 

As mentioned in the discussion of filtrates, phos- 
phorus determinations are made using a trichloro- 
acetic acid (TCA) filtrate. In the method of^ 
Fiske and Subbarow, outlined in AFM 160-r49, 
phosphorus reacts to form a phosphomolybdate 
complex. Quantitative reduction of the complex 
with aminonaphtholsulfonic acid (ANSA) pro- - 
duces a blue color of an intensity proportional to 
the inorganic phosphate content. The ANSA rea- 
gent is unstable and should be prepared fresh at 
least every 2 Weeks. Dry ANSA mixture can be 
secured commercially in small vials ^sufficient for 
mo^t laboratories. TCA filtrate contain^ a mix- 
ture of inorganic phosphate ions as well as organic 
phosphorus. It is possible to measure one or both 
constituents, but the method described is for the 
inorganic phosphate. It is termed "inorganic t^hos- 
pherus" inste^ad of inorganic phosphate, because 
calculatiorr is in terms of phosphorus. The Fiskc 
and Subbarow method is an example of a cate- 
gory of reactions in which molybdate will react 
with a phosphate, silicate, or arsenate ro t>rm the 
molybdenum blucvcolor. It is also the method used 
with the Autoanalyzer. ANSA is one of the com- 
[3ounds that can be used in the reduction step. 
Other adaptations use stanrtous chloride, ferrous 
sulfate, hydroquinone. xascor^bic acid, or other 
reagents. 
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2-9. Another general category of methods *for 
the determination of phosphorus involves the re- 
action 'of a molybdaie with an acidified solbtion 
of orihophosphate and vanadate to produce a, 
vellow color. This method is reported to'^^tera- 
results slightly higher than the Fiske d^d Sub- 
barow technique. Although it has the disadvan- ' 
tage of deviating slightly from Beefs law, the 
yellow ^color is more stable than the blue color. 

2-10. A third general method by which phos- 
phorus is determined uses the use of a dye and i§ 
not usually performed in clinical laboratories. If 
you perform a urine phosphorus, you should pre- 
pare a 1/100 'dilution with water, followed by 
the addition of 30 percent TCA to an aliquot 
*of the diluted urine. The sample is centrifuged 



and the supernate must be olear. The dilution 
factor is considered in the calculations. 

2-11. Regardless of method, there are a^ few 
problem areas in performing phosphorus determi- 
nations. It is one of the few tests \vhich is defi- • 
nitely affected by a nonfasting condition of the 
patient. 'Perhap^ more important is the fact that 
whole blood samples .are not stable. Intracellular 
phosphates hydrolyze and may, within a few 
hours, increase the serum phosphorus level by 
100 percent. If the cells are separated from thei 
serum, the specimen should be stable in the 
refrigerator for several days. Another potential 
source of error is the use of cleaning com*pounds 
which contain phosphorus. The possibility of con- 
tamination should always be considered if phos- 
phorus results are elevated. 
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Liver Function Tests . 




ALTHOUGH FUNCTIONS of i^ie liver arc 
. numerous and complex, certain well-defined 
tests in the clinical laboratory have become more 
or less routine as liver function tests. The most^ 
common are thymol turbidity, bilirubin, BSP, and 
cephalin-flocculation.) Some enzyme tests ^are 
classified as liver function tests, but will be dis- 
cussed in a Jater chapter. Chdlestcrol is included 
in this chapter because it is formed in the liver 
and sometimes used as a diagnostic aid in liver 
disease. Cholesterol is not ordinarily considered 
part of a battery of liver function tests. It is not 
suggested that tests discussed in this chapter arc 
necessarily limited to liver functions or that the 
' list of tests in this chapter is oomplctc. Anyf lab- ^ 
oratory test may^ and frequently docs, si^^;yc 
more than one purpose. 

3. Physiological Ba§is of Liver 
function Tests 

3-1. If you have some idea how the liver 
functions, you will gain an insight into the pur- 
pose and basis of liver function tests. The com- 
plexity of liver functions- relates to equally com- 
plex biochemistry. As^a clinical chemistry 
technician, you are expected to know the na- 
ture of the tests you periorm for liver function. 
This implies an clementa,yv understanding of the 
liver itself. 

3-2. Anatomy and P|iy^ology of the Hepatic 
System. The liver is the i|f§|st organ of the body, 
with an avoi'age weight |)® 500 g in the adult 
male. It has two main fpjMs and is located in 
the right hypochondriuni^ ^M^tending across the 
epigastrium to the left H^Mchondrium. Locate 
the liver and its Sssocialed pr^ns in figure 5. The 
upper portion of the liver is i^erlaid by the lungs 
(pleura) and diaphragm, vpie lower portion 
overlaps the stomach and intMines The liver is 
covered by a collagenous cap^le ^hich extends 
along the structures which cfflr it. The intra- 
lobular bile duct runs betweeMlhe liver lobules 
which make up the lobes of tttc liver. Connec- 
tive tissue of the liver supportSjie hepatic pdr- ^ 



tal vein, which brings bipod containing food ab- 
sorbed in the intestine. Besides the bile ducts 
and the portal vein there are also the lympha- 
tics and the portal artery. Briefly stated, the ma- 
jor functions of the ^iver are: (1) formation of 
blood constituents sdiSh as prothrombin and de- 
struction of red blood cells; (2) deto>(ification of 
harmful substances^-; (3) metabolism; (4) secre- 
tion of substances such* as bilirubin conjugates, 
cholesterol, dyes, etc.; (5) circulation of blood 
from the portal system; and (6) storage of gly- 
cogen and metabolic intermediates. The liver 
may be described as both an endocrine and an 
exocrine gland. It is an endocrine gland because, 
it secretes useful substances into the bloodstream. 
(The term **endocrine" is not restricted to the 
secretion of hormones, although the liver' does 
indeed secrete |iormones tvhich it receives from 
other glands of the body.) An exocrine secretion 
of the liver is, of course, bile. The liver is also 
antiendocrine in the sense that it removes hor- 
mones from the blood. An adult liver secretes 
500 to 600 mPof bile in 24 hours. When liver 
tissue is destroyed, it demonstrates a remarkable 
capacity to regenerate. Interstitial inflammation 
with contraction of the liver tissue is referred to 
as cirrhosis, 

3-3. The gallbladder is an organ extending- 
from the bile duct which stores and concentrates 
secretions .of the liver before they pass into the 
duodenum. The entire extrahepatic bile system 
is composed of hepatic ducts, the common bile 
duct, the cystic duct, and the gallbladder itself. 
The common hepatic duct is ' formed from a 
juncture of the right and left hepatic ducts and 
is also joined to the cystic duct. The gallbladder 
is attached to the lower side of the liver and is 
about 10 cm long and 5 cm in diameter. His- 
tologically, the gallbladder consists of a folded 
mucous layer of cells, a muscular layer and two 
delineated serosal layers of cells. The physiolog- 
ical significance of bile is directly related to di- 
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gcstion and absorption of food. It activates 
lipolytic and proteolytic enzymes from the intes- 
tinc^ and pancreas and emulsifies fats. Bile also 
functions in an excretory capacity, particularly 
with regard to cholesterol which is excreted in the 
bile as cholic acid. The discharge of bile into the 
intestine is controlled by two mechanisms. The 
first is the nervous system and the second- is 
activation by the hormone^ cholccystokinin. Re- 
moval of the gallbladder surgically is accom- 
plished by 1^ procedure termed '•cholecystectomy." 
Following .surgery, the bile ducts assume some 
of the activity^pf the gallbladder. 

3-4. Bile Pigments and Related Pathology. In 
the normal formation of bile pigment by the liver, 
the destruction of red blood cells results in the 
production of bilivcrdinglobin, which is taken up 
by the reticuloendothelial system as well as by 
the Kupffcr cells of the liver. In these particular 
cells the formation ot indirect biliriibin takes 
place. Upon furtherVmodification by cells of the 



liver, indirect bilirubin is traifsformed into direct- 
reacting bilifubin. Once the^irect bilirubin^aisscs^" 
into the biliary passages it may be- oxidized to 
biliycrdin, which is green. Finally, direct-reacting 
bilirubin may reach the inlcstincs, where intesti- 
nal-bacteria reduce it to urobilinogen. Urobilino- 
gen is made up of both mesobilinogen and stcr- - 
cobilinogen. Bilirubin, as such, does not appear 
in the feces except in pathological conditions. 
Most of the pigment of feces is derived from 
the oxidation of urobilinogen inlo^ urobilin. It is 
noted that resorption takes place in the intestine. 
This includes the resorption of urobilinogen as 
well as other constituents from the bile. Nor- 
mally, only a small amount of bilirubin is pres- 
ent in the blood and will not appear in the 
i\rinc except in pathological conditions. A small 
amount of urobilinogen is released in the liver 
and appears in the urine. 

3-5. A disturbance in the formation or flow 
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\ of bile will result in \(^undice, a syndrOme char- 
* acterizcd by^pigmentation of the skin. Consider 
first the jaundice which is not due to an obstruc- 
tion of bile flow. Overproduction of bile as 
manifested in hemolytic jaundice is one type of 
nonobstructive jaundice. Due to overproduction, 
there is an excess of biliverdinglobin which leads 
to an excess of indirect bilirubin. The direct bili- 
rubin remains normal and no bilirubin will ap- 
pear in the urine. Urobilinogen, however, is 
increased, and if increased sufficiently will result 
^ in an elevated urine urobilinogen. A second type 
\y — <j£^onobstructive jaundice is called **relentive 
jaundice/' manifested by an increase in the in- 
direct bilirubin of the blood without an increase 
in urobilinogen 

3-6. Now let us consider the types of jaun- 
dice in which there is an impairment of bile flow. 
The obstruction may be complete or incomplete, 
intrahepatic or extrahepatic. In complete extra- 
hepatic obstruction, there is a marked rise in 
the indirect bilirubin, with some rise in the direct- 
reacting bilirubin. The urine urobilinogen is ifiega- 
tive because no bile reaches the intestine. If 
* the obstruction is incomplet^J^as is frequently 
the case with gallstonej», some bilirubin will pass 
into the intestine. Less .^urobilinogen is produced, 
but an increa?b -of urine urobilinogen may occur 
due to mallransft)rmaiion of urobilinogen by the^ 
liver. Intrahepatic obstruction is due to changes v 
^ within the liver. In liver cell degeneration, serum 
bilirubin is high and bilirubin appears in the 
urine. Intestinal urobilinogen is decreased, but 
urine urobilinogen is increased due to maltrans- ' 
f^rmat'^on of urobilinogea in the liver. 

!3-7. The interpretation of laboratory findings 
in various types of jaundice is, of course, a clini- . 
cal matter and is not within the province' of the 
laboratory. However, you can appreciate from 
the preceding discussion how liver function tests 
can aid a diagnostician in separating forms of 
liver disease, such as the types of jaundice. It 
should be clear to you that bile pigments are all 
derived ^rom the breakdown of hemoglobin aAd 
involve fairly complex chemistry. The free (in- 
direct) bilirubin which is formed in the reticulo- 
endothelial system is conjugated with .glucuronic ' 
acid in the liver to produce direct bilirubin. The 
bilirubin is preceded by the formatitSiT^pf bili- 
verdin. Of all the bile pigments, thjg^clinical 
laboratory is primarily concerned N<uth serum 
bilirubin, urobilin, and urobilinogen. 

3-8. Cholesterol. A significant function of the 
liver is the production of cholesterol. It is ap- 
parently synthesized from acetate ions and later 
excreted principally as cholic acid. Because of the 
importance of cholesterol iti clinical medicine, we 
will consider it in some detail. Cholesterol is a 
white crystalline substance first isolated |rom 



gallstones, which sometimes form in the gallblad- 
der and lyle passages. It is a moriohydroxy alco- 
hol with the formula CjtH^.-.OH, and one dou- 
ble bond, as shown in figure 6. Slightly more 
dense than water, cholesterol has a molecular 
weight of about 386 and is relatively insoluble' 
in water. Cholesterol may also be classified as a 
lipid, which is a category of organic compounds 
soluble in fat solvents. It is a sterol, character- 
ized by the cyclic structure of the phenanthrene 
ring. Cholesterol accounts for about 90 per- 
cent of the steroids of the body. Hormones arc . 
^ also steroids and closely related to cholesterol, 
although cholesterol is not a hormone. 

3-9. One fundamental category of reaction.*; 
which cholesterol enters into is^the formatidni of 
esters. Esterification of cholesterol i^a chemical 
reaction in which the QH group of cholesterol 
is replaced by the alkoxy group of an organic 
acid. About 75 percent of the cholesterol in the 
body is in the form of esters. Esterification in the 
body is catalyzed by an enzyme of the pan^ 
creatic juice called cholesterol-esterase^ That 
which is not in the form of an ester is termed 
**free cholesterol." It has recently been suggested 
that cholesterol may exist- in ihc serum in frac- 
tions other than free cholesterol, or esters. 

3-10. The diagnostic significance of ester lev- 
els has become a matter of questionable impor- ' 
tance in many medical facilities. Separating the 
free cholesterol from the ester usually involves 
precip^at^ng the free cholesterol as an insoluble 
compound with a plant extrac^t which is a sapo- 
nin called digitonin.^ Knowledge of the fre(^ cho- 
lesterol to esterified cholesterol ratio does have 
diagnostic significance. The question is whether 
this same information can be obtained from 
other tests, and whether the application is suffi- 
-cient to warrant routine performance of choles- 
terol esters analysis. 

3-/1 1. As stated earlier, total cholesterol is 
mosi significant to the clinician because of its 
direct relationship to liver cell damage and ifs 
more or less understood relationship ^o vascular 
diseases, such » as atherosclerosis. Among the 
functions attributed to cholesterol are: 

a. It forms a large portion of tissue structure, 
particularly the brain. 

b. It is considered a precursor of hormones, 
since all adrenal hormones are derived 
from cholesterol. 

c. Evidence suggests ,it can detoxify certain 
agents in the blood. 

(I. It enhances antigen activity, probably by 
absorption, - to increase surface area. 

c. Cholesterol functions in fat transport. 
It is a constituent of bile salts that emulsify 
fats. 
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Cholesterol js not a source of energy as are fats 
and carbohydrates* Since cholesterol is formed 
in the liver, it tends to bd lower in cases of 
liver cell damage. Cholesterol originates from the 
diet and by synthesis in the liven and to a lesser 
extent, in other body cells. 



Laboratolry Test of 
Liver Function 



.4-1. As a competent technician, you probably 
feci more secure discussing specific laboratory 
tests ^han discussing their relationship to medi- 
cine. Indeed, this is where you should develop 
the greatest facility. The following discussion 
•^strikes at the very essence of your career field. 
Consider this itjiateriai carefully and research the 
areas that are not clear and those which are of 
^peci^l rnteres^ to you. Liver function tests are of 
tremendous value in both clinical and preventive 
mc'dicine. ' * 

4t2. Bilirubin^ Bilirubin combines with diazo<- 
nium salts to form azo tlyes. This is the chemical 
basis of the Malloy and Evelyn test for serum 
bilirubin. Direct bilirubin can be distinguished 
from Indirect by adding alcohol to bring out the 
remaining bilirubin which did not react with' 
diazp reagent in an aqueous medium. Do you re- 
call from your previous studies what we mean 
by direct, indirect, and total bilirubin? Bilirubin 
which ^reacts in 1 minute is referred to as the 
direct, whereas that which reacts in the tube after 



the addition of alcohol is the Vo/a/. Total minus 
direct equals the indirect. The so-called prompt 
reacting bilirubin is not really, synonymous with 
direct bilirubin. Prompt bilirubin is usually read 
in 15 to 30 seconds. The color does intensify 
with time, and therefore, the; time called fpr in 
each procecfurc must t)e uniformly adhered to. 
There is also a direct bilirubin which is^ r(5- 
ported b|;^§gj^^^oratori^3 at the end of 15 
minutes before the addition of 

alcohol. ^ 

4'3/'Jlp. a procedure outlined in AFM 160- 
49] ji^aboratory Procedures in Clinical Chemistry, 
thttrp2iCi\(StMQi:^UT0 is diluted with an equal vol- 
unre of methanol. Since the standard is used to 
capuJ^te concentration of the total, it follows that 
diyLsion by 2 is necessary to calculate the con- 
^tr^tion ' the direct which is nbt diluted, 
other 'wbrds' the reaction mixture in the di- 
et tube is twice as concentrated as the tube 
ontiainingyStandard. Diluting the alcohol with an 
qual yqliime . of reaction mixture ^events 
^the preciiiitation of protein. If proteii^is pre- 
^ipit^tedr^the mixture clouds 'and bilirubin is lost 
ecajuscj bilirubin attaches itself to proteiAj^Jt is 
iOt /geni^rally recommended in routine laboratory 
Work to use serum as di]ute as that in the 
Malloy and Evelyn procedures. 

4-4. /There is a limitation on the extent to 
which .^erum can be diluted with the intention 
of/ applying a dilution factor with no correspond- 
ing reduction "ifi volume of the other reagents/ 
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Figure 6. Chpftspol (C.^HjuO). 



Every laboratory -should establish a valid and 
reproducible microbilirubin procedure because 
of the requirement in jaundice of the newborn.* 
Whether it is a diazo method appears to be a 
matter of choice. Jf a procedure is scaled down, 
reproducibility becomes a problem? particularly 
with the direct bilirubin. An acceptable technique 
involves the acetone extraction of the uncon- 
jugated form of bilirubin from plasma. The re- 
sultant extract is spectrophotometrically com- 
pared with a standard which meets the 
requirements set fortti in paragraph 4-10. This 
procedure is discussed in the following para- 
graphs.^ , * \ ^ 

4-5. Six. to eight heparinized microhematocrit 
tubes of whole blood are' collected by heel punc- 
ture. One endjll? the tube is sealed and c^ntri- 
fuged for 5 minutes in* the microhematocrit cen- 
trifuge. After centrifugation, the plasma frac^on 
is expelled into a 10- x 75-mm test tube with a 
small vaccine bulb. The pl^st^ c^ent of six to 
eight ^tubes should be sufficient to provide' about 
0.25 ml of plasma. 

4-6. Add 2.5 ml of freshly prepared 80 per- 
cent acetone to each of two 10- x 75-mm, test, 
tubes. The tubes are labeled 'ipatient'* and "stan- 
dard." (Eighty percent 'acetone should be made 
fresh by dilqting 8.0 ml of acetone with 10.0 
ml of distilled water.) 

4-7. One hundred lambdas of the patient's 
plasma and 100 lambdas of jbilirubin standard 
are rinsed into t)ie acetone of the respective . 
tubes, using 100 lambdas "to contain" pipettes. 

4-8. The tubes ar,e stoppered and mixed well 
for 3 minutes. Both tubes are centrifuged at 
2000 rpnvfor 5 minuses. 

4-9'. Transfer the resultant supernatant liq- 
uid to appropriately labeled 10- x 75-mm Cole- 
man microcuvettes. Immediately read the optical 
densities of the tubes at 460 m^, using 80 per- 
cent acetone as the reagent blank. 

4-10. Selection /of a suitable standard is very" 
important, but unfortunately there is a lack of 
agreement in ouir Air Force laboratories as to 
what constitutes a suitable bilirubin standard. The 
bilirubin standard recommended by the College 
of American Pathologists sets forth the following 
requirements: 

a. Bilirubin powdji should be accurately 
weighed and dissolved in M/10 sodium car- 
bonate so the sodium carbonate constitutes 2 
percent of the final volume of standard. 

b. The stock standard is diluted immediately 
with a serum diluent. Serum diluent is prepared 
from pooled serum of absorbence less than 0.1 00 
at 414 m/Lt and normal saline. 

c. Factors of time, temperature, and light must 
be controlled since bilirubin colot fades signifi- 
cantly in the light at room temperature. 



The prepared standard or reconstituted lyphilized 
^ standard is stable for 5 -days in the dark* at 
5° C. Keep in mind that bilirubin is not stable 
m the light at room temperatiSre. Further, a sianj^ 
. dard must contain an exact weight of bilirubin 
.in a suitable diluents in the case pf bilirubin, the 
diluent affects intensity of - color development. 
You are undoubtedly aware of this, because 
some procedures call for an enhancement of 
color by the addition of various substances. 

4-11. Ch9lesterol Procedures. We will now con- 
sider the common>.t^ procedures for the deter- 
mination of cholesterol. An attempt is made in 
tfie laboratory to identify the same basic frac- 
tions of cholesterol which were discussed earlier. 
Thus, we hav^ developed te^ts that are mdre or 
less specific foi- free cholesterol apd cholesterol 
esters. ^ 

A'\2, Total, cholesterol Cholesterol and v^iri- 
ous cholesterol derivatives which are found in 
serura will react with strongly acidic substances 
to produce a color. The most popular nonauto- 
mated procedure that is performed in U.S. Air 
Force medical laboratories involves the Licbcr- 
m^n-Burchard reaction. The color developmeiit 
mixture (CDM) in this reaction is compbscd^^of 
acetic anhydride, glacial^ acetic acid, and sulfur 
acid. The solution is nbt stable for ifiore than*2,4 
, hours, after sulfuric acid is added to the acid^' 
anhydride. The color developed between cho- 
lesterol and CD^ in the presence of a small 
amount of water is blue-green. Stability of this 
color depends upon the quality of color develop- 
ment jnixture. An^ explosive situation in this 
regard is a direct mixture^A water with ace^tic 
anhydride. This may oc^fmadvertently through 
the use of wet glass(^are. Unintentional or not, 
a violent reaction will result. Splashes on the 
skin or in the eyes should be rinsed immediately 
\viih copious amounts of water. ' • 

4-13. One way to perform a total cholesterol 
detel^Rmination is to react the cholesterol .reagent 
difedfly with serum without prior extraction of 
the^Kolesterol with organic solvents. However, 
the direct use crff serum does not reflect care-* 
fully controlled* test conditions jind cannot be 
recommendedi^his has been' shown to yield re- 
sults that are higher than those obtained with 
extraction methods, particularly if bilirubin is 
present. Extraction of cholesterol with petroleum 
ether reduces the amount of icteric substances 
present, though it does not Completely eliminate 
them. A variety of methods Tor preparing com- 
pensating blanks can be found in current litera- 
ture. Experiments demonstrate that 10 mg-% 
of bilirubin can elevate a cholesterol result by as 
much as 200 m^-% . This means an increase of 
100 percent over the normal values generally 
accepted for cho^terol. This is a^^rgnificant error, 
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which has until recently * been discounted in 
many technical publications. The interference of 
bilirubin and complexities of the color reaction 
are responsible for ' variation in cholesterol re- 
sults, even among laboratories staffed by quali- 
fied analysts. 

4-14. Some of the variables, in addition to the 
presence of bilirubin, include composition of the 
CDM, time of reaction, temperature, effects of 
light, and use of lipcmic serum. The effects of 
lime and temperature can be pptially compen- 
sated by selecting a\ wavelength mat provides the 
most valid measurement. This explains why a 
wavelength of 540 lo 550 is selected, although 
the color peaks occix^*«t 530 and 630 m/*. The 
presence of organic solvents, principally chloro- 
form, enhances color sufficiently to yield results 
that are 10 to 20 percent higher than if chloro- 
form is not present. 

4-15. In essence, the most accurate nietliods 
for determining cholesterol involve extraction 
techniques, but even these involve a number of 
variables that must be considered. Fortunately, 
the normal values for a serum cholester^ repre- 
sent a comfortable range within which some vari- 
ation is expected by the clinician. The most re- 
cent figtires list 150 to 310 mg-% as normal for 
total cholesterol, with significant variations in 
respect to age and sex, which \^ somewhat higher 
than values found in AFM 160-49 prior to 
the 1967 revision. The Schoenheimer-Sperry 
method, which uses the Lieberman-Burchard re- 
action, is now considered the reference method 
for cholesterol values. 

4-16. The automation of a colorinictric pro- 
cedure for cholesterol is based ^n a method in- 
troducedH>y Zlatkis, Zak, andf Boyle in 1953. 
Much nrorc sensitive than the Lieberman-Bur- 
chard reaction, this method results in a yellow 
color as cholesterol reacts with a mixture of 
concentrated sulfuric acid and ferric chloride 
(FcCli). A r.lO isopropanol extract of serum 
is prepared and an aliquot of the extract is di- 
luted with a segmented^ stream of prcmixcd 
color reagent. Color is developed in a 95"^ C, £ 
heating bath and measured at 520 m^i in a flow 
cell. Pulsing Is effectively eliminated in the tubing 
by pulse chambers which are part of the Auto- 
analyzer system. 

4-17. Other methods for the assay of choles- 
terol which do not use the Lieberman-Burchard 
reaction are not yet widely accepted but may, 
someday, become reference methods. The 
method of Tschugaeff, for example,^ involves 
ihc development of a red color when cholesterol 
is reacted with acetyl chloride, zinc chloride, and 
glacial acetic acid. The method of Pearson, de- 
scribed in Chapter 10 of AFM 160-49, mea- 
sures liac color produced by the reaction between 



cholesterol and cholesterol acetate with p-toluenc 
sulfonic acid Mn aqctic anhydride. The color is 
proportional to the concentration of total choles- 
terol. The reaction is for total cholesterol only 
and cannot be used if digitonin is present or if 
the scrum is hemolyzed. There is some dif- 
ference of opinion among authorities as to how 
the Pearson method compares with the standard 
Schoenhcimcr-Spcrry method. While useful in 
routine screening of clinical specimens, it should 
be used with a knowledge of the sources of 
error previously mentioned in all methods for 
the direct estimation of cholesterol. NOTE: It 
is also advisable to substitute 12 percent sulfo- 
salicylic acrd for p-toluene sulfonic acid reagent, 
as suggested by Rappaport and Eichhorn in 
I960. This is stroVigly recommended because 
of reported explosions which have lesulted from 
the use of p-toluena^ulfonic acid reagent. It is 
considered desirable in many cholesterol methods 
to saponify the cholesterol before reacting it to 
form a color. In chemistry, saponification is the 
process by which fats are converted into soap 
and glycerol upon the addition of an alkali. 
This is usually accomplished with the addition of 
heat. In the case of cholesterol, saponification 
has the advantage of yielding one type of cho- 
lesterol which produces one type of color. Ex- 
traction problems are minimized because it is 
easier and more reliable to extract saponified 
cholesterol. Subsequent pj:ccipitation of the free 
cholesterol with digitonin may be retarded. 1 n 
general, the advantages of saponificatkuijhavc 
identified it as a more sophisticated approach 
to the determination of cholesterol. 

4-18. Procedures for cholesterol esters. Cho- 
lesterol esters do, not precipitate with digitonidcs 
because the hydroxyl group of the ester is not 
free. Precipitation may be facilitated if aluminum 
ions are added, usually as AI(OH):i. The Lie- 
berman-Burchard reaction may then be carried 
out on the washed precipitate which represents 
the free cholesterol. Esters are calculated as total 
minus free. You ma(y find it easy to forget that 
you must subtract free -cholesterol from total 
cholesterol to^report the ester fraction, 

4-19. Liver Function Screening Tests. A f^ew 
relatively simple tests are frequently used to aid 
the physician in evaluating the general condition 
of the liver. Some widely used tests for^ this pur- 
pose are thymol turbidity, cephalin-cholesterol 
flocculation and the bromsulphalein retention test 
(BSP). 

4-20. Thymol turbidity^ test. Turbidity ^ is 
caused in a buffered thymol solution when a 
st^um that contains an abnormal globulin is 
added to the solution. The degree of turbidity is 
measured photometrically with. the Coleman Jr. 
spectrophotometer at 65^ m/i, and the degree of 



turbidity reported in Shank-Hoagland units. The 
standard consists of a barium sulfate suspension 
which is prepared from 0.0962A/ barium chloride 
and dilute sulfuric acid. The buffer is a thymol- 
barbital buffer which should have a pH of 7.55. 
If a pH of 7.8 is use^ the results will be 30 
percent lower. A Shank^Hoagland unit, as de- 
scribed in AFM 160-49, is equivalent to one 
Maclagan unit. However, it should be pointed 
out that units are reported by some medical 
facilities in which one Maclagan unit equals two 
Shank-Hoagland units because they may juse a 
standard that is 0.0962N instead of 0.0962M. 
Thus, Clinicians may be familiar with a Shank- 
Hoagland unit as representing two rather than 
one Maclagan unit. It should be noted that 
values listed for many commercial controls are 
in Shank-Hoagland units, which are valued at 
twice those given , in AFM 160-49. 

4-21. Cephalin-cholesterol flocculation. Nor- 
mal serum will not flocculate an emulsion of 
cephalin, cholesterol, and lipid which is prepared 
according to the method of Hanger. In liver dam- 
age there is an alteration the protein fraction 
of serum which causes precipitation that can be 
quantitatively estimated when serum and antigen 
are^ixed. There is no high degree of standardi- 
zation among lots of antigen and na other 
method of standardization is available. However, 
the test is reproducible for any lot of antigen. 
The exact nature of protein changes which are 
responsible for flocculatlon are not yet agreed 
upon. It is most likely due to an increase in the 
gamma globulin fraction and a decrease in the 
albumin fraction. High serum lipids do not inter- 
fere with the ccphalin-flocculation test as they 
do with the thymol turbidity test. The cephalin- 
cholesterol emulsion is commonly referred to as 
cephalin-flocculation antigen. The term "antigen" 
is not completely accurate in describing the ceph- 
alin-flocculation reagent because the reaction 
does not involve antibodies. We usually define 
an antigen as a substance which causes the for- 
mation of antibodies, and tf!is has no application 
to the emulsion described. The test is usyally 
read as 1+, 2+, 3+, or 4+ in 24 and 48 hours. 
According to some investigators, an abnormal 
finding would appear within 24 hours and there 
would, therefore, seem to be little justification 
for submitting a 48-hour reading. In fact, a 
reading at 37'' C. at the end of 3 hours has 
been reported to correlate within acceptable 
limits with the^ 24-hour reading. 
' 4-22. Stability of the cephalin-cholcsterol 



emulsion depends to a* great extent on the way 
in which it is prepared. Since the working emul- 
sion is not usually sterile, it should be prepared 
fresh, as it deteriorates. According to AFM 160- 
49, the working emulsion should' be prepared 
fresh each day. This is an excellent guideline to 
insure results of the highest quality. Other sources 
arc more optimistic, but all agree it should not 
be kept for more than a few weeks and that it 
should be refrigerated and checked for bacterial 
and mycotic contamination. All of the well- 
known sources of error for this test, such as dirty 
glassware, emiilsion preparation, etc., must be 
recognized for this to be a valid test. 

t 4-23. BSP. The BSP test is one which mea- 
sures the retention of bromsulphalein dye by the 
liver following intravenous injection; The patient 
is usually in the fasting state when BSP dye is 
injected. Injection is accomplished by a physician 

, and is not usually undertaken by support per- 
sonnel or laboratory technicians, because very 
serious reactions to BSP dye, including death, 
have been reported. It is customary for labora- 
tory personnel to assist the physician by prepar- 
ing the syringe and dye. The syringe used to in- 
ject the dye must be sterile. The needle used to 
fill the syringe should be discarded and replaced 
with a new one prior to injecting 5 ntg of dye 
per kilogram of body weight. The. conversion to 
milliliters of dye can be readily obtained from a 
chart supplied by pharmaceutical firms who pro- 
vide the dye or a simple calculation can be used. 
The patient's weight in pounds divided by 22 is 
equivalent to the ifiilliliters of 5 percent dye to 
inject. Blood is withdrawn from the patient at a 
particular interval thereafter (usually 45 min- 
utes) and serum is used for the test. Whether 
the vein into which the dye was injected is used 
as the site for withdrawing blood, or whether 
the opposite arm is used is of relatively minor 
importance. The procedure then allows for color 
development with an alkaline solution and cal- 
culation of percent retention with a standard or 
from a prepared curve. The test is based on 
the assumption that iftost BSP dye in the bodjT is 
removed by the liver and thus serves as an index 
of liver excretory function. Any blockage of bile 
flow will impair the ability of the liver to excrete 
BSP dye. Hence, an increased serum bilirubin, if 
due to obstruction, will be accompanied by an 
abnormal BSP test.' Pl\otometric interference by ' 
icteric serum does not occur significantly if the 
bilirubin concentrafion is less than 20 mg-%. 



CHAPTER 3 



Proteins 



PROTEl^vTHEMlSTRY is a vagt and com- 
plex study. The relevance of proteins to body 
functions is so extensive there appears to be no 
limit which could be clearly set for the clinical 
chemist in the area of protein chemistry. All 
body cells, as well as the intercellular material, 
contain proteins, fiemoglobin, enzymes, and most 
hormones are protein in 'nature, as are the im- 
munological mechanisms of the body. This chap- 
ter is limited to a few protein determinations that 
arc routinely performed in the clinical laboratory. 
The changes which proteins undergo in various 
clinical conditions are far more extensive than 
can be resolved by a few relatively simple lab- 
oratory tests. 

2. Because of the complexity of. protein 
changes associated with various diseases, a sim- 
ple elevation or decrease in total protein or a 
common fraction is not necessarily of definitive 
diagnostic value. It does contribute to the clinical 
information on hand if the physician is aware of 
cfianges which occur, in the total protein, and al- 
bumin and globulin sfractions. It might be gener- 
ally stated that total serum protein usually de- 
creases in abnormal conditions as a result of a 
decreased albumin fraction. Exceptions to this 
do occur and changes of other protein fractions, 
such as globulin components, are measured in 
most laboratories. This chapter is intended to 
give you background information which will be 
used in later chapters of this course and in other 
CDCs for which this course is a prerequisite. 
More detailed protein measurements will be dis- 
cussed in a later chapter in connection with the 
technique used. Enzymes are also discussed sep- 
arately. \ ^ 

5. Chemistry and Physiotdgy 
of Prdteins 

5-1. Nluch has been written in recent yeti 
about /the chemistry and physiology of proteinsf^ 
Proteins constitute a large portion of bloody 
mu«d£^and other tissue. All enzymes a^d-ntost 
of the hormones^-attL_pmleins. J^f^-thi^ we- 



will briefly describe the chemical nature of pro- 
teii\s, followed by a discussion of the application 
of proteins to physiology and the practice of 
medicine. 

S-2. Nature of Proteins. Proteins are large 
molecules composed of chains of (dpha amino 
acids. The. general /formula for ^an alpha amino 
acid is R-CH(NHa)-COOH. In solutions at the 
proper pH, amino acids exist in an ionized form. 
"Qjy is, the carbbxyl group (COOH) loses a pro* 
ton to water so tiiat a COO~ group is fdrmed, 
and the amino group (NH:*) gains a proton. 
The amino group of an amino acid c&n react 
with the acid groyp (CCK)-) of another amino 
acid to form 4 peptide! linkage. Amino acids 
combine with each other m long chains, and each 
may be of the same structure, or different. Chains 
of amino acids are called polypeptides, ^the pro- 
tein molecule being an elaborate polypeptide, as 
illustrated in figure 7. 

S-3. The sequence and characteristics of the 
amino acids determine the nature of the pro- 
teins which they form. Keeping in mind that a 
protein molecule is three-dimensional, you shai ld 
realize there is an almost infmite number of ways 
in which the molecule may be geometrically ar- 
ranged. The exact arrangement is a significant 
factor affecting the nature of proteins. Scicintists 
are able to study the dimensional structure of a 
protein molecule by various techniqi^e^s using X- 
ray beams. As an X-ray beam is sent\lth^ough a 
crystal from various directions, thQ ^0^^^^ pro- 
duced on a phojtographic plate will indicate the 
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configuration (^f the molecules. From this infor- 
mation investigators are able to construct three- 
dimensional models of a protein molecule. The 
chains of molecules may be twisted about each 
other to form a helix pattern, which is charac- 
teristic of certain proteins, such as a collagen 
molecule diagrammed in figure 8. There are, of 
course, many other three-dimensional configura- 
tions. At the present time more than 20 different 
amino acids have been isolated from proteins 
upon hydrolysis. The possible ways in which over 
20 amino acids can combine suggest a wide 
variety of proteins, and indeed there are. A 
change in the sequence or position of one amino 
acid alters the protein. 

5-4. There arc various ways of classifying pro- 
teins, though no system has been devised which 
is beyond criticism. Proteins that contain amino 
acids, or their derivatives, and no other sub- 
stances are frequently classified as simple pro- 
teins. Those which contain a nonprotein sub- 
stance, called a prosthetic group, are referred to 
as conjugated proteins. Albumin and globulin 
arc simple- proteins, whereas chromoproteins 
(hemoglobin), mucoprotein (mucin), phospho- 
prbteins, and lipoproteins are examples of con- 
jugated proteins. Because of the large size of 
a protein molecule, proteins behave as colloids 
in water. Colloids arc particles held in aqueous 
suspension due to a marked attraction between 
the water molecules and protein molecules. Sus- 
pended molecules of protein are also called hy- 
drophilic or lyophilic colloids^ Proteins have the 
interesting characteristic of changing charge — 
being electrically positive, negative, or neutral as 
conditions" vary. Substances which act as both 
acids and bases because of a duality of electrical 
charge are described as amphoteric or amphoter- 
ous. The protein molecule is amphoterous be- 
cause it bears a charge depetdent upon the pH 
of the solution in which the protein occurs. The 
electrical behavior of proteins wiJff be further de- 
scribed in another chapter in the/context of pro- 
tein electrophoresis. 

5-5. Properties of proteins v^re described in 
some detail as early as 1807 by the Russian in- 



vestigator, Reuss. Then, in iV^l the migration 
of proteins in an electrical field was related to 
the pH of the solution. It was discovered later 
that electrical properties of protein^ are con- 
ferred upon them by the allcaline or acid nature 
of the medium. The pH at which proteins are 
electrically neutral is called the isoelectric point. 
Obviously, the isoelectric point will be different 
for different proteins because all protein fractions 
do not have the same charge characteristics. You 
should recall that proteins remain in solution as 
a result of the attraction of protein molecules 
for molecules of the solvent. This fprc^is op- 
posed only by the attraction of protein molecules 
for each other. The greater the charge on the 
molecules, the less significant will be the force 
opposing suspension. At the isoelecti^c point, the 
net charge of the proteins will be zero and the 
protein molecules will, therefore, cease repelling 
each other. If the protein is in a saH solution of 
optimal concentration at its isoelectric point, the 
salt molecules will compete for the water and* 
become hydrated. Conversely, the protein mole- 
cules will become dehydrated and precipitate. 
This is the chemical basis of ''salting out" tech- 
niques which will be discussed later in this chap- 
ter. It is a useful princip^^ttjiat can be applied to 
separate, differentially, pne protein from another 
in colloidal suspension. 

5-6. Physiology of Proteins. Proteins that are 
taken into the body in the form of various foods 
begin to break down by the action of pepsin in 
the stomach. Breakdown of the large protein 
molecules in the stomach results in proteoses 
and peptones, as well as some amino acids, which 
are the basic units. Further breakdown of pro- 
teins, proteoses, and peptones occurs in the in- 
testine under the action of the enzymes, trypsin, 
and chymotrypsin from the pancreas. Polypep- 
tides which are not hydrolyzed to amino acids by 
the activity of other enzymes arc broken down 
to amino acids by peptidase, including carboxy- 
peptidase, also from the pancreas. 

5-7. Proteins are absorbed into the blood in 
the form of amino acids and a few relatively short 
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peptide chains. The absorption of large protein 
molecules may result in the production of anti- 
bodies as a systemic response. Amino acids ab- 
sorbed into the blood are immediately taken up 
by the tissues with no appreciable increase in the 
plasma amino acid level. The amino acids are 
then used for protein synthesis, stored in a phos- 
phorylaled form, or dcaminated in the liver. 
Some may bfe" ufsed for special purposes. 

5-8. Protein^ of the body are constantly being 
broken down and fe-formed. The processes by 
which proteins are synthesized in the body are 
still undergoing investigation. It is sufficient to 
slate here that protein metabolism is a dynamic 
process which is oAstantly taking place, and in- 
volves the transfer fef energy by means of the 
high energy phosphate bond mentioned in an 
earlier chapter. Proteins may be used for energy 
if the intake of carbohydrates and fat is inade- 
quate, or if a metabolic dysfunction occurs. In 
starvation there is a wasting away of muscle 
tissue as proteins of the muscle are catabolized 
to produce energy. In addition to the necessary . 
amino acids for protein synthesis, dietary pjp^ 
teins furnish the amino acids necessary for the 
synthesis of various body compounds other than 
body proteins. For example, the amino acid, 
glycine, converts benzoic acid to hippuric acid, 
the latter being excreted by the kjdney. As will 
be noted in a discussion of enzymes, amino 
groups are frequently transferred from one amino 
acid to another by the process of transamination. 
There are many possible ways of converting 
\Mious amino acids as they are required by the 
body. Ammonia groups which are not transferred 
to an amino acid are converted into urea. Urea 
is excreted via the kidneys. 

5-9. Amino acids, as such, are excreted only 
in trace amounts in the urine. Excretion of amino 
acids to any significant extent suggests a patho- 
logical condition, such as abnormal protein me- 
tabolism or tubular resorption problems. Many 
of the metabolic disorders are hereditary. One 
such common disorder familiar to laboratory tech- 
nicians is phenylketonuria (PKU) which results 
from an accumulation of phenylalanine. If unde- 
tected very early in life, this metabolic disorder 
results in irreversible brain damage. The labora- 
tory test for PKU is included in the volume cov- 
ering urinalysis, but is worth mentioning here as 
a disorder of protein metabolism. Albinisr^i is an- 
other disorder of protein metabolism; and is, in 
some ways, analogous to diabetes, which is a dis- 
order of carbohydrate metabolism. A most inter- 
esting genetic trait associated with proteins is in- 
volved with sickle-cell anemia. In this inherited 
disease the substitution of one amino acid (va- 
line) for another (glutamic^acid), among over 
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500 amino acids in the molecule, produces the 
abnormal "S'' hemoglobin. . 

5-10. Another relevant syndrome familiar to 
the laboratory worker is a tumorous condition of 
the intestinal tract characterized by the presence 
of 5-hydroxyindolacetic acid (5-HIAA) in the 
urine. The compound, 5-HIAA, is derived from 
serotonMl .which is an amino acid (5^hydroxy- 
tryptamine). Thus, we have another familiar ex- 
ample of faulty protein metabolism. Through the 
process of synthesis, the body is able to produce 
all but 8 of the 20 amino acids. These eight, 
sometimes called the essential amino acids, are: 
threonine, valine, leucine, '"isoleucine, methio- 
nine, lysine, tryptophane, and phenylalanine. If 
the diet is deficient in any of the eight amino 
acids listed, the individual will develop various 
symptoms of protein deficiency. 

5- 11. Biochemists have studied the structure 
of proteins much more extensively than the na- 
ture of molecules which participate in the body 
synthesis of proteins. One group of control rtiole- 
cules is the ribonucleic acid (RNA) compounds. 
RNA is a complicated chemical structurd\formed 
from pentoses, phosphoric acid, and njtrogen 
bases. RNA plays a crucial role in each step of 
the process of protein synthesis within the cells. 
The key to understanding how k nucleic acid 
molecule is able to control synthesi^ is th& struc- 
ture of the nucleic acid molecule itself. One of 
the first molecules studied in detail was one of"^ 
the short RNA molecules which transports the 
amino acid, alanine. The nucleic acid compo- 
nents, known as nucleotides, were described in 
detail for this particular molecule and reported 
for the first time in 1965. When we consider 
that this is one of the protein synthesis control 
molecules structurally elaborated^ we realize that 
the biochemistry of proteins requires many years 
of further study. The complex functions of an- 
other nucleic acid group called deoxyribonucleic 
acid (DNA) also continues to be studied ex- 
tensively, particularly with respect to hereditary 
control. Other factors that control protein syn- 
thesis include the many enzymes which, as stated 
previj^ly, are themselves proteins. 

6. Laboratory InV^tigaJ^ion 
of Proteins 

6- 1. Methods of protein Walysis outlined in 
AFM 160-49, Laboratory Procedures in Clini- 
cal Chemistry, are discussed in the following 
paragraphs. Information concerning protein lev- 
els are of diagnostic value to the physician, al- 
th(jugh protein functions are so numerous and 
i^6hiplex that other laboratory tests, as well as 
the usual clinical evaluations, may be necessary 
to establish a definitive diagnosis, Besides data 
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concerning total protein and the A/G ratio, the 
physician may be concerned with other protein 
elements, such as fibrinogen or hemoglobin. A 
complete analysis of fractions, including albumin 
and globulin, is usually done by electrophoresis 
which will be discussed in a later chapter. 

6-2. Biuret Method for Total Protein. The 
method of Gomall, Bardawill, and David pre- 
sented in AFM 160-49 for the determination of 
total serum protein has proved very satisfactory. 
The protein in scrum is i^cacicd an alka- 
line copper sulfate, in ^he presen|^^ ethylcne- 
diaminetetra-acetic acid, to for^^klue-violet 
complex (biuret reaction). UnlikiPil|j^e of the 
earlier biuret mixtures, that which is used in the 
Gomall method rarely produces a turbid solution. 
.Some of this turbidity is caused by precipitation 
of calcium and magnesium ^hydroxide in alka- 
line solution. This is prevented when Na^EDTA 
is included in the biuret reagent. If turbidity 
does develop, it is probably from lipids, which 
may be extracted with ether. Several different 
modifications of the original biuret method are 
used today. The formula used by most U.S. Air 
Force facilities is as follows: 

Copper sulfate (CuSO^ • SHjO) |.5 g 

Disodium etfaylenediaminetetra- V 

acetate (Nt^EDTA) 6.0 u 

Potassium iodide (KI) ^ 10 g 

Sodium hydroxide. 2 • 5N 300.0 ml 

Distilled water - qs to 1000.0 ml 

6-3. A number of commercial preparations arc 
available which have the name "biuret reagent/' 
They all contain copper sulfate, but some may 
contain other stabilizing agents, such as citrate or 
NaOH instead of KOH. Increased stability has 
been reported by substituting Na^jCOrt for the 
NaOH (or KOH) and then adding the hydroxide 
separately before using the working solution. 
There are two distinct problems that must be over- 
come in stabilizing biuret reagent. The first is 
that Cu(OH):; tends to precipitate from solution. 
The second difficulty is that a highly alkaline 
solution of copper sulfate can be easily reduced 
if contaminated. In any event, if a stable biuret 
reagent is used, the biuret methdd generally pro- 
duces satisfactory results. The biuret method may 
be applied to protein analysis in ce/brospinal fluids 
but is less sensitive at lower protein concentrations. 
Urine proteins are not usually assayed by this 
method unless the protein is first s(;parated from 
interfering substance by precipitation. Bile pig- 
ments (bilirubin) arc reported to interfere with 
this reaction only if their concentration is greater 
than 30 mg-%. Hent^globin will react with biuret 
reagent if the specimen ir hemolyzed. 

6-4. Precipitation Methods. The precipitation of 
proteins by acids to produce a turbid solution 
is a useful concept with urine and cerebrospinal 



flui^ This is not the technique used for scrum 
which requires a more precise method suitable for 
the relatively high concentration of protein in 
serum or plasma. In the classical method of 
Kingsbury and Clark for urine proteins, the pro- 
tein was precipitated with sulfosalicylic acid after 
clearing the urine of insoluble phosphates with 
ackic acid. More recently, trichloroacetic acid 
. (TG^) is substituted for sulfosalicylic acid. This 
is becailse sulfosalicylic acid tends to give strik- 
ingly different turbidities with albumin and globu- 
lin. Specifically, above 23° C, albumin gives much 
more tiirbidity than an equivalent concentration of 
globufin. Below this temperature, albumin yields 
less turbidity than globulin. Total protein results, 
therefore, become a function of the A/G ratio 
of the urine rather than the absolute amounts of 
albumin and globulin contained in the urine. 
This method was described in a procedure dis- 
seminated by the USAF Epidemiology Labora- 
tor)t^in 1965. The turbidity produced is an indica- 
tion of the amount of protein present in the 
specimen. Unfortunately, the protein particles 
flocculate rather rapidly after the precipitate is 
formed.. To be measured reliably in the spectro- 
photometer, the precipitate should be fine, not a 
heavy flocculation. "Hiis problem may be over- 
come by breaking up the floe mechanically by 
shaking or by the addition of gum ghatti. If gum 
ghatti is used, a corresponding blank must also 
be used. A calibration curve is usually prepared , 
using a suitable protein standard such as the 
standard available through regular supply chan- 
nels. By measuring the 24-hour volume of urine, 
you can easily relate the concentration of an 
aliquot of the unknown to protein excretion per 
24-hour period with the following formula. 



mg-Co protein x 

volume of 24-hr specimen 




mg protein per 24 hr 

•J 



6-5. You should/DC assured that a spt 
submitted for a 24-hour analysis of any kind is 
in fact a 24-houn specimen. As a guide, you 
may keep in mincy that the normal adult 24-hour 
urine volume is uZOO to 1600 ml. It is ^^adyisable 
to report tl^ 2^hour volume together witnth©. 
lest results orTthe laboratory report form. Re- 
frigeration cr addition of toluene is usually ade- 
quate to preserve the specimen prior to analysis. 
The TCA precipitation method may also be ap- 
plied to spinal fluid protein. 

6-6. iVIany laboratories test cerebrospinal fluid 
(CSF) by the Pandy qualitative test for globulin 
on the assumption that any significant rticrease 
in globulin can be so detected. Recent studies 
have shown that solutions of phenol are unreli- 
able and not specific for globulin. Hence, the 
Pandy globulin test has been abandoned by many 
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ressive laboratories. The normal spinal fluid 
protein is from 15 to 45 mg-%. You might as- 
sume that since qualitative protein **sticks," used 
in screening urine specimens, are sensitive from 
^ about 30 mg-%, they would also be ideal for 
screening elev^ed spinal fluid protein. Unfortu- 
nately, tbis-^not the case, because spinal fluid 
proteinsSarc approximatel)I^O percent globulins 
to which ^the strip indicator, tetrabromphenol blue, 
is much less sensitive. In fact, levels of globulin 
„ from 50 to 100 mg-% have not been reliably de- 
tected by this test. However, the usefulness of 
protein test sticks in screening urine specimens 
is not precluded by this problem. Further, no 
manufacturer has ever advocated the use of this 
product for cerebrospinal fluid. A phenol method 
is currently used which involves a reaction be- 
tween phenol and a phosphotungstic-phospho- 
molybdic acid reagent. It is a reasonably sophis- 
ticated procedure which is reported to be 100 
times more sensitive than the biuret method. Sen- 
sitivity is, of course, a consideration with low 
protein values. 

6-7. Establishing the A/G Ratio. The besf 
jAethod of determining serum protein fractions is 
>Dy electrophoresis. Relatively few Air Force labo- 
ratories are authorized the expensive equipment 
necessary for electrophoresis, and it is therefore, 
desirable that a method be available to at least 
assay the albumin and globulin fractions. The 
clinical importance of the A/G ratio is well 
known, being of particular value in liver disease, 
congenital anomalies, and' malignancies. Some 
diseases and their usual protein patterns are 
listed in table 1. The importance of determimng 
more than just total protein should be clear to 
laboratory personnel, although clinical interpre- 
tation is not the concern of the laboratory. You 
should know the normal serum values which 
are: 

Total protein 6 to-.?_^_p<MMj^5ml 

Albumin 3.6 to 5.6 g^crlDO^ ml 

Globulin 1.3 to 3.2 g per 100 mi 




6-8.U There is considerable confusion in ter- 
minology as to exactly what constitutes globulin. 
As techniques of electrophoretic separation have 
become refined, more specific fractions are being 
resolved and arbitrarily identified as albumin- com- 
ponents or globulin components, depending upon 
their rate of migration in an electrical field. It 
becomes difficult, if not impossible, to transfer 
electrophoresis terminology to protein fractions 
separated by less refined techniques. One such 
technique, called "salting out" is explained in the 
following paragraph with the understanding that a 
perfect parallel does not exist between fractions 
separated by this method and albumin or globulin 
fractions identified by other techniques. However, 
the correlation is sufficiently dose to permit mean- 
ingful interpretation of the results. 

6-9. In "salting out," advantage is taken of the 
fact that certain proteins are not soluble at their 
isoelectric points. Upon the addition of a n^eutral 
salt, such as sodium sulfate (Na.:S04) or sodium 
sulfite (Na-SOa), certain proteins will precipitate* 
from solution. As concentration of the salt varies, 
the fraction which is precipitated from solution 
will vary. It has been determined that upon addi- 
tion of 26 percent Na-S04 or a slightly higher 
concentn^on of sodium sulfite, a fraction Identi- 
fied as globulin will precipitate from an aqueous 
solution of serum proteins. Within the past few 
years the use of Na-SOa has largely replaced 
Na::S04 because sodium sulfite agrees better 
with electrophoretic patterns. The use of sodium 
sulfite has the additional advantage pf Increased 
solubility at room temperature. The April 1967 
revision of AFM- 160--49 suggests using 9.5 ml 
of 28 percent sodium sulfite and O.S ml of serum. 
This Is an error which will be corrected in the 
next revision, because It results in a concentration 
of Na-SOa which Is less than the optimum 26.9 
percent. The optimum concentration of 9.6 ml 
of NaaSOa to which 0,4 ml of serum Is added 
should be 28 percent. This results In a sulfite con- 
centration of 26.9 percent In the serum-sulflte 
mixture. The original Howe method used 22.2 
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Table 1 

Clinical Conditions and Characteristic Albumin-Globulin 
Fraction^mjf Serum 



CONDITION 

Multible myeloma 

Dehydration 
Hemoconcentrat ion 

Certain liver diseases 

Kidney damage 
Malnutrition 
Malabsorption syndromes 



TOTAL PROTEIN 
Increased 

Increased 
Normal 

Decreased 



' ALBUMiN 
Normal 

Increased 
Decreased 

Decreased 



GLOBULIN 
Increased 

Increased 
Increased 



Normal 



A/G 
Decreased 

Normal 
Decreased 

Decreased 
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percent sodium sulfate, which resulted in loss of 
alphd globulin with the albumin. With methods 
using ^6 percent sodium sulfate, the solution be- 
comes \saturated at room temperature and must 
^ kept\ at incubator temperature. The same con- 
centrat^0^ of sodium sulfite, on the other hand, 
is not qiiite saturated at room temperature; and 
is,^ therefore, easier to work with. The sulfite is 
less stable, since it deteriorates as oxygen is ab- 
sorbed from the air. 

6-10. After the globulins have been precip- 
itated with the sulfite mixture, ether is added, 
together with a few drops of aerosol, to cause 
the globulin to form a mat, as pictured in figure 9. 
Albumin remains in solution. The solution con* 
taining albumin may be analyzed by the biuret 
method. The figure calculateld as representmg the 
albumin fraction is then subtracted from the total 
protein to calculate the globulin. Similar salting 
out techniques are used to identify other specific 
fractions. For example, an ammonium sufiate re- 
ageaht can be used to identify the gamma globulin 
fraction, and 12.5 percent Na-^SOa is commonly 
used to separate fibrinogen, as noted in para- 
graph 6-12. . ^ 

6-11. Besides salt precipitation and electro- 
phoresis, other methods are in use for the assay 
of protein. The classiiA Kjeldahl method mea- 
sures protein nitrogen which is essentially an in- 
dex of the amount o^ protein present. The 
Kjeldahl method is frequei[itly referred to in stan- 
dardizing other methods. An entirely different 
concept involves the use 0f dyes to which pro- 
teins have o specific affinities. One method re- 
ported in 1954 used the dy^ binding capacity of 
albumin with 2-(4'-hydroxyizobenzene) benzoic 
acid (HABA). In 1956 an ethylenediamine- 
tetracetate (EDTA) buffer was proposed to 
stabilize the dye reagent This modification was 
applied to the Autoanalyzer in 1966 as an auto- 
mated method of albumin analysis. 

6-12. Fibrinogen. Normal human plasma con- 
tains 0.15 to 0.30 g-% fibrinogen, which is the 
important protein element that makes up a fibrin 
clot. The "estimation of fibrinogen ^ a routine 
test performed to investigate clotjing disorders. 
Its value is not limited to rarc.bjpod dyscrasias, 
because fibrinogen deficiencies frequently occur 
in conditions such as complications of pregnancy 
involving severe bleeding. Various techniques are 
available for the assay^r estimation of fibrinogen, 
some of which are aviiiable as "kits'* from com- 
mercial sources. In one method, 1 ml of freshly 
drawn blood is mixed with 0.1 ,ml topical throm- 
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Figure 9. Diagram of tube in which globulins have 
been "salted out*' from a serum protein solution 
with 26.9 percent Na-^SOg. • 

bin (1,000 NIH units per ml). The degree of 
clot formation is an4ii^x of the fibrinogen con- 
tent. One entire category of fibrinogen tests de- 
pends upon the recovery of -fibrin, the amount 
. of which is dependent upon the amount of both 
fibrinogen and prothrombin. The use of a neu- 
tral salt (12.5 percent NaoSOs) is another means 
of assaying plasma for fibrinogen similar to the 
differential precipitation of globulin. Quantitative 
methods may be applied to the precipitated 
fibrinogen, one of which is assay of the protein 
nitrogeq, content. 

6-13. Hemo^obin. Most of the protein in blood 
is in the form of hemoglobin. The molecular 
weight of hemoglobin is 64,500 amu. It is com- 
posed of about 10,000 atoms. Four of these atoms 
are iron, each capable of combining with two 
atoms of oxygen. Each atom of iron in the hemo- 
globin molecule is surrounded by a group of 
atoms which form the pigment called heme. The 
heme groups, in turn, are surrounded by a chain 
of amhio acids. There are four amino acid chains 
yhich constitute the protein or globin part of the 
molecule. Globin is a histone which yields histine 
upon hydrolysis. In alliour chains there is a total 
of 574 amino acids in the hemoglobin molecule. 
It should be kept in mind that hemoglobin not 
only carries oxygen but also transports carbon 
dioxide To the lungs. CarbTift^dioxide which is 
carried by the cell is bound to the globin por- 
tioni of tiie molecule. The subject, of hemo- 
globin is covered in the course material on 
hematology, and is merely' mentioned here as an 
important blood protein. 
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CHAPTER 4 



Carbohydrates 



HAD TO choose the most indispensa- 
ble chemical determination performed in the 
clinical laboratory, the choice would probably be 
the test for blood glucose. Laboratories that per- 
form relatively few chemical determinations will 
sooner or jakr perform a test for glucose. Larger 
laboratories are likely to perfortii not only many 
glucose determinations but other carbohydrate 
studies chemically related to glucose. This might 
include lactose, xylose, cr protein-bound carbo- 
hydrates, to mention just a few tests that may be 
done in the clinical laboratory. 

2. In addition to prominence and wide ^pli- 
cation, carbohydrate artalyses rank among the first 
body chemistries performed in the laboratory. 
Consequently, the field of frarbohydratie chemistry 
is reasonably well developed and involves many 
different approaches and contributions over the 
years. A comprehensive review of carbohydrate 
chemistry would require man^i^olumes, even if 
limited to clinical application. TWsn. chapter will 
be limited to a brief discussion of Carbohydrate 
chemistry and the most commonly performed 
tests for glucose. Refer to a current index of 
technical and medical literature for an insight into 
the wide application of other carbohydrate tests 
which are, in many instances, of great clinical 
value. While many of these can be performed in 
the average laboratory, they are not included in 
the following limited discussion. 

7/Chemistry and Physiology 
of Carbohydrates 

7«1. Carbohydrates, or saccharides as they are 
commonly known,' are of wide interest in clinical 
^medicine. Glucose, a monosaccharide with the 
formula . CjHt>jO«, is of particular: interest to 
the clinical laboratory. It is in the form of mono- 
saccharides tbat carbohydrates are absorbed into 
the blood. Various deficits in absorption, metab- 
olism, or in the regulatory mechanisms (such as 
endocrine disorders) are diagnosed and treated 
on the basis of the blood glucose level. For ex- 
ample, a deficiency of insulin, which is produced 



by the pancreas, causes diabetes mellitus. Carbo- 
hydrates occur in various forms, Jijown ps iso- 
mers, which will be explained at some length in 
this section, because isomerism is a fundamental 
aspect- :^f carbohydrate chemistry. Information 
presented in this chapter will also be of benefit to 
you in your study of bacteriology by enabling you 
to better understand carbohydrate fermentations. 

7-2. Classification of Carbohydrates. Glucose 
bplongs to the chemical family of carbon contain- 
ing compounds known, as saccharides or sacclia- 
roses» which are represented by the formula 
CxH-vOy. They do not- contain atoms of other 
elements. From this formula it is "apparent that 
saccharides contain hydrogen and oxygen in the 
same 2:1 ratio as they occur in water. Hence, 
the older term '•carbohydrate", rather than 
"saccharide," is often used. The saccharides are 
classified ajpcording to structure. Monosaccharides 
have the simplest' structure with' the formula 
CvHjvOy. They do not hydrolyze into other 
sugars, but remain unchanged. Glucose is an 
example of a monosaccharide with the for- 
mula C*iHtjO«. Disacclmrides, with the formula 
C,,(H.jO)n^,, yigld two simple sugars of the same 
or different type upon hydrolysis. Some examples 
of the disaccharide group are sucrose, lactose, 
and maltose, all with the formula Cj-jH-jjO,,, as 
represented graphically in figure 10. Sug^irs with 
more than two saccharide groups- are referred 
to as polysaccharides, some of which can be 
designated as (C«H,..0.-.)„. Jf n is less than. 10, 
the term ''oligosaccharide" is sometimes used. 
Starch, dextrin, cellulose, and glycogen are all 
examples of polysaccharides. They are less like 
common monosaccharides and disaccharides, in 
that high molecular weight saccharides are not 
sweet, are less soluble, and form colloidal solu- 
tions which cannot be dialized. * 

7-3. Within each of the three major categories 
(i.e., mono-,* di-, and polysaccharides), carbohy- 
drates are classified according to the number of 
carbon atoms each component sugdr possesses. 
As indicated by the formula CuHijOn, the mono- 
saccharides- of greatest biological interest have 6 
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D-GLUCOSE: a M 




lOSACCHARIDE 



C~OH 

HDi-ir-H 

1 » 

h|c-oh 
h4c-oh 

I' 

H 



SUCROSE: A DISAGCHARIDE COMPOto OF GLUCOSE AND FRUCTOSE 



GLUCOSE PORTION 




-^^^UCTOSE PORTION 



Figure 10. Structural formulas a monosaccharide. D-(-h) glucose, and a^ 

di^ccharide sucrose. 



oxygen atoms. Accordingly, they are classifieiHls 
hexoses. Glucose, the hexose most common to the 
clinical chemist, is also called dextrose.^*^ But 
other monosaccharides besides the hexoses are 
known to the organic chemist and are of less 
interest to the clinical chemist. For this reason, 
the general formula for monosaccharides, 
C„Hm„0„, was given rather than CoHi^Ou, 
which is limited to hexoses. Table 2 illustrates 
how some carbohydrates are classified. 



tsDcxtrosc should not be confused with dextrin, which fs a 
polymer from partially hydrolyzcd starch. Starch, cellulose, glycotien. 
and dextrin irc collcqtively ciSssiftcd as dextran and arc- all poly; 
saccharides. ^ 



7-4i Stereoisomerism. Carbohydrates occur as 
isomeil^. Isomers are forms of a substance which 
differ (n atomic arrangement. The phenomenon 
of isofeer occurrence is termed "isomerism." 
Stcreoi^pmerism is due to spacial rather than 
structural arrangement, and occurs in twb common 
forms: gepmetric and optical. Geometrical isomers 
are fornied because some factor (as a double 
bond) prevents free rotation of the atoms within 
tj?e mole|ule. The isomers formed by geometric 
isomerisni' are termed *'cis-" and "trans-," and the 
difference is shown below in the diagrams of two 
geometric forms of butenedioic acid: 
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Tables^ 



Sugars 



Carbohydral^es < 



Classification of Carbohydrates 
(Incomplete Listing) 



Mono s ac c har i de s 



Disaccharides 



Dioses (C2H^02) 
Trioses (C3HgOj) -glycerose 
Tetroses (C^HgO^) -erythrose 
Pentoses (C^H^^O^) -arabinose 
Hexoses i^(fli2^t^ -glucose 
HeptoseSy Octoses, etc. 



I Sucrose, lactose, maltose, 
J cellobiose, etc 



1 



Glucoxylbse, etc. 



(CiiHzoOlo) 



Nonsugar 



Trisaccharides CC^gH^^O^g) -raff inbse 

Tetrasaocharides (^24^42^21^ -stachyose 

Polysaccharides i^^iQ^S^^ 

Dextran (dextrins, glycogen, starch, 
cellulose) 

GalactosanSy etc* 



H-CCOOH 

II 

H-C-COOH 
cis-form 



HOOCC-H 

■ II 

HC-COOH 
rrans-form 



The double bond illustrated prevents the atoms 
from rotating; thus there are two distinctly dif- 
ferent geometric possibilities. 

7-5. - An asymmetric atom (in our study it will 
always be a carbon atom) is one which has a 
different atom or radical attached to each of its 
four valence bonds. Glyceraldehyde, in the for- 
mula below, has one asymmetric carbon atom. 
This carbon has attached to it a hydrogen, a 
hydroxyl group, an aldehyde group, and an 
alcohol group. The isomers formed in optical iso- 
merism are mirror images of each other. Looking 
again at glyceraldehyde, we see that there are 
two optical isomers, each a mirror image of the 
other. Such isomers are called cnantiomorphs 
(from the Greek ' meaning "opposite form"). 



H O 

\// 

C 
I 

H-COH 



O H, 
\\/ 

c 

I 

HO-CH 



CH.OH HOHX 
(d) glyceraldehyde (1) glyceraldehyde 

In naming these compounds, the position of the 
OH group nearest the end opposite the carbonyl 
group (C=0) determines the (d) or (I) form, 
as shown above with glyceraldehyde. 

7-6. In early studies it was erroneously believed 
that the two variations ill spacial configuration 
always correlate with optical rotation. Optical 
isomers differ in their ability to rotate polarized 
light, due to asymmetrical or crystalline struc- 
ture. Polarized light is defined as light which 
vibrates in only one plane. It is produced as il- 
lustrated in figure 1 1 . Whtn polarized light is 
passed through a solution of an optically active 
substance, the plane of polarization is diverted 
either to the right or to the le^. Thus, for each 
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carbohydrate there would theoretically exist two 
optical isomers based on molecular configura- 
tion. Compounds which conform to the (d) struc- 
ture when in solution were believed to be those 
which rotate polarized light to the right, and 
were called dextrorotatory. Those . whichj based 
on their structure, were thought to rotate po- 
larized light to the left ware known as levorota-^ 
tory or the (I) form. A mi^ure of 50 percent each 
"of the id) and (/) isomers produces no rotation 
and is known as a racemic mixture. 

7-7. As pointed out, optical properties do not 
show a clear correlation with spacial configura- 
tion. Many optically active compounds do not 
rotate polarized light as predicted according to 
structure^ Rather, some of the (d) forms rotate 
polarised light to the left. As a result, a second 
system of nomenclature became necessary to 
describe the effect on polarized light. Refer again 
to the structure of (d) glyceraldehyde. 

HO 

H-C-H 
I 

CH.pH 
(d) glyceraldehyde 

Under the second system, the compound (d) 
glyceraldehyde becomes d (-f) glyceraldehyde, be- 
Ciause it has the (d) structure and rotates po- 
larized light to the right as indicated by a plus 
sign. If this compound were to rotate the light 
to the left, it would be called d (— ) glyceral- 
dehyde. 

7-8. Each asymmetric carbon atom can yield 
two enantiomorphs, and as the number of asym- 



metric carbons increases, the number of isomers 
increases. The possible number of enantiomorphs 
^or a compound is 2^, in which the x stands for 
the number of asymmetrical carbons. The biologi- 
cal activity (of carbohydrates depends upon the 
symmetrical arrangement of the carbon atoms. 
I^or this reason, you should'ljnderstand the mean- 
ing of symmetry and its relationship to isomerism. 
Optical properties, particularly with reference to 
polarized light, provide^Hheans of studying and 
distinguishing between the various isomers. 

7-9. Digestion and Absorption of Carboby* 
drafes. Polysaccharides and disaccharides are 
broken down by enzymes into monosaccharides 
before absorption occurs. Maltase, sucrase, and 
lactase break down maltose, sucrose, and lac- 
tose, respectively, in the intestine. Salivary and 
pancreatic amylase change starch to maltose. Most 
of the monosaccharide absorption takes place in 
the small intestine at a fairly constant rate. The 
rate of absorption is also characteristic of the 
particular monosaccharide; and is, therefore, not 
entirely a matter of simple diffusion, but rather 
a selective process dependent upon the activity 
of the intestinal mucosa. The absorbed sugar is 
picked up by blood capillaries and transported 
via the portal vein to the liver. Within the liver, 
the blood carrying the sugar flows through a 
capillary netwgrk and the sugar is taken up by 
the liver cells. 

7-10. Metabolism o{ Carbohydrates. Glucose 
is used in one of three ways; for energy, for 
storage after conversion to ^ glycogen, and for 
conversion to other substances. In addition to 
glucose from carbohydrates absorbed in the diet, 
glycogen may be formed from glucose which has 
been synthesized in the liver from noncarbo- 
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Figure 11. Diagram illustrating principle of polarization. 
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hydrate sources. The process of gliiCose f|W^a- 
tion from noncarbohydrates is called gli^zMeo- 
genesis. Glucose may be converted to |||Mhy- 
drates, such as ribose or noncarbipMdrate 
substances, e.g., amino acids. %etV takf fMqloser 
look at the processes involved in ^lie u^|'#f glu- 
cose for energy. For convenience^ l(5t*|^.(|escribe 
the breakdown of glucose as a0robi(^- 4ild an- 
aerobic. In aerobic metabolism^ glj^disn (or 
glucose) is carried through a ■ series pf '(jarbohy- 
drale-phosphate complexes to pyruvic va^(l, which 
then oxidizes to carbon dioxide an^ ^w^ter.^'' In 
the anerobic metabolism of gluco$e J^^fccolysis), 
pyruvic acid is reduced to lactic fci^/ Certaii\ 
other pathways are available for th^ Bifeakdown 
of glucose, including the so-called |,^dse shimt 
in which a ribose-5-phosphate W^^^ 
phosphate compound is formed ^inte^^cdiate to 
certain other steps and th^ Krebs ^cle; It should 
be pointed out that n^ita^olism'o^^^^ is not 
limited to the liver. Muscle plays\!^a^ role 
in carbohydrate metaboBsm. Botp^ (|je formation 
of glycogen (glycogenesjiS) and thfe breakdown of 
glycogen (also called gl^cofysis^ |aK^" place in the 
muscle in a manner similar tcf te,lctions which 
take place in the live^f The obVi^y$ purpose for 
muscle glycolysis is totsupply eiiergy to the mus- 
cle. • ■ I2J. , ^ 

7-11. Blood Glucose JLcyelsf iTne normal fast- 
ing glucose level of the bl^pd^iis 70 to 100 
mg-%. This level is of^en ref^red to as the true 
glucose level to distinguish it( from figures which 
include nonglucose reducii^g 'Substances. The 
Folin-Wu procedure which produces normal fast- 
ing glucose levels of ^0 to mg-% includes 
other reducing substaitces. Sin(^<^4he blood glucose 
levels depend upon both tiiipltate at which glu- 
cose enters the bload J^^4:i^ rate of' glucose 
removal, levels depefid i^jpdp various factors. 
These factors are ihsulin^'^e)Ewinephrine, pituitary 
hormones, and thyrpxin. ; r*' 

7-12, Insulin, This hjafriridne is secreted by 
the pancreas, and regulates both the rate of 
glucose output frpm thi^'Jiver and the rate of 
glucose utiliza^oq/ It a^^pji regulates the trans- 
fer of glucos^ across cf^ll^membranes. The re- 
lationship bf^eeil diabet^s> mellitus and the pan- 
creas was accurately destr^bec( in the late 1800s. 
However, it was- not un\iin922 that insulin was 
discovered, and it is only! recently that chemists 
have been able to syi^tii^$ize insulin in the lab- 
oratory. An excess of ipfulin, known as hyper- 
insulinism, causes a d^^^case in blood glucose 
levels ( hypoglycemia J, ^j£>Ki/7erc^j nielUtus is a 
metabolic disorder rCsUl?fng fjcpni a lesion of the 

>'Thc sertcs ol steps invol^jod" m. the itcrohtc mL'tabulism oi uliico>c' 
IS called the Krcbs cycle. tricd^t)px)lic "acid <TCA) cycle, or cilhc 
acid cycle. , 



pancreas or overactivity of the pituitary and 
adrenal glands, which has a direct effect on the 
pancreas. Itj|is characterized by a lack of insulin^ 
i.e., hypoinsulinisnh Glucose often appears in the 
urine, and blood sugar levels are abnormally 
high (hyperglycemia) in patients with diabetes 
meilitus. 

7-13. Epinephrine, Produced by the adrenal 
gland, epinephrine regulates the rate of glycogen 
breakdown in the liver. Epinephrine is also called 
adrenalin. In adrenal cortical insufficiency the 
blood sugar level is frequently below normal. 

7-14. Pituitary hormones. Hormones from the 
pituitary gland, which is attached to the base of 
the brain, retard the use of glucose in the body; 
hence, their^ presence tends to raise blood glu- 
cose levels. A head injury or tumor of the pitui- 
tary may produce diabetes insipidus. In this condi- 
tion the blood sugar is not necessarily elevated 
and there is no sugar in the urine, but urine is 
excreted in copious amounts and has a low spe- 
cific gravity. The term "diabetes" means an ex- 
cessive discharge of urine, from the Greek word.3 
for "siphon through." The effect of anterior pitui- 
tary insufficiency is essentially the samej[sjidrenal 
insufficiency. 

7-15. Thyroxin, kegarded as the principaf 
tive component o,f the thyroid hormorte, thy|p!^n 
increases the breakdown of glycogen in ffiriiver. 
Hyperthyroidism results in a decreased toteranipe 
for glucose. The process of glucose procJuction 
and the use of glucose are in dynamic equilibrium 
to maintain a fairiy constant level of ^ucose in 
the blood. The regulatory mechanisms are such 
that a predictable curve can be established to 
depict the rise and fall in blood sugar levels 
fqHowing the ingestion of glucose. Known as a 
gluSose tolerance curve, a graphic representation 
of glucose levels at intervals after an intake of 
glucose or other carbohydrates has great diag- 
nostic significance. In a normal response to glu- 
cose intake, the Vi-hour level should exceed the 
fasting level by less than 75 mg-%. Further, 
the 1-nbur level should be less than the Vi-hour 
level, and all urine specimens collected during the 
test should be negative for glucose. Three dif- 
ferent glucose tolerance curves are showriL in 
figure 12. . T 

7- 1 6. Various abnormal glucose tolerance 
curves and their x:linical importance are matters 
of diagnostic concern more related to the in- 
terpretation of laboratory results than to the per- 
formance of them. Besides occurring in diabetes 
mcllitus, increased glucose levels may be found 
in uremia, nephritis, hyperthyroidism, during 
-pregnancy, and in infectious states. As previ- 
ously mentioned, low blood glucose levels may 
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be fbund in hypothyroidism, hepatic disease, Ad- 
jiison's disease, and hyperinsulinism. Some indi- 
viduals have a low renal threshold for glucose; 
and hence, glucose may appear in the urine 
(glycosuria) in the absence of a pathological con- 
dition. This condition is frequently described as 
renal diabetes. 

8. Laboratory Tests for Glucose 

8-1. As a laboratory technician, your most im- 
mediate concern is performance of laboratory 
tests. This section outlines various tests for glucose 
with a brief analysis of their relative merits. 

8-2. Folin-Wu Procedure. In the Folin-Wu 
method, a protein-free filtrate is heated with an 
alkaline copper solution. The reduction of cupric 
hydroxide produces cuprous oxi4e. Phospho- 
molybdic acid is then reduced to molybdenum 
blue, which has an uncertain chemical composi- 
tion.' This blue color is compared with that of a 
glucose standard which is available through medi- 
cal supply channels. If used with a tungstate fil- 
trate, the Folin-Wu method does not indicate the 
true glucose level of blood. Besides other re- 
ducing sugars, the procedure will detect gluta- 



thione, uric acid,' ascorbic acid, and some amino 
acids. If used with a zinc (Somogyi) filtrate, the 
Folin-Wu procedure is quite specific for glucose. 
"Many, if not most, laboratories have abandoned 
this procedure for methods more specific for 
glucose. This is a wise decision, since the error 
due to nonglucose reducing substances can be 
substantial. 

8-3. Ortho-Toluidine Procedure, There is con- 
siderable controversy over the reliability of the o- 
toluidine method for glucose determinations. In. 
principle, colo^ development is based on the reac- 
tion between glucose in a TCA or STP filtrate 
and o-toluidine in glacial acetic acid to, form a 
glycosylamine. Described in some detail by Dr. 
K.M. Dubpwski in the journal "Clinical Chem- 
istry/' June 1962, this method is similar in prin- 
ciple to a rapid method for atdosaccharide deter- 
minations, described by Dr. Eric Hultman in 
**Nature/' January 1959. Ortho-toluidinc, as 
shbwQ in figure 13, is only one of many aromatic 
amines which yields a color complex with glucose. 
For various reasons, o-toluidine was selected as 
the most suitable.^*' 



I'Some o( ihc other amines used were siibscqiienily found to 
be carcinogenic. 
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^ 8-4. As pointed out in the earlier article by 
Hultman. the reaction is vfcry sensitive to water, 
which according to Hultman should not exceed 
a final concentration . of 10 percent. In most 
clinical procedures employing ortho-toluidine. the 
concentration does exceed 10 percent. 

8-5. A second probtemr apart from reducing 
the concentration of water, is encountered in pre- 
paring suitable o-toluidine reagent. Unless pure 
o-toluidinc "from nitrate" is used, technical grade 
reagent must be distilled. The color should be 
yellow after the reagent has aged a few days. If 
stored in the dark, this reagent is quite stable. 
Quite recently an o-toluidine procedure became 
available which produces a more stable reaction 
than the original o-toluidinc procedure de- 
scribed above. Thiourea is used as a stabilizing 
agent and some of the other difficulties are mini- ^ 
mized because a semimicro amount of specimen 
is used. The value of this particular o-toluidinc 
adaptation had not been evaluated sufficiently at 
the time this course was prepared to justify a con- " 
elusion. 

8-6. A third problem with this procedure is the 
critical nature of the heating time. According to 
published appraisals of this method, heating for 
longer than 8 minutes causes loss of color. 
Further, there is some doubt as, to the stability 
of color at r6om temperature. Careful timing 
and rapid cooling can offset this problem. 

8-7. Because of its simplicity and near specific- 
ity for glucose, the o-toluidine procedure may be 
preferred by some laboratories despite potential 
difficulties. The preference should be a rational 
one. based on a quality control program. If re- 
sults are consistently achieved within confidence 
limits, this would appear to be a satisfactory pro- 
cedure. If not, the particular laboratory should 
carefully reevaluate the method it has selected 
for the performance of glucose tests. Values ob- 
tained by this method are comparable to those 
obtained by other "true glucose" methods. 

8-8. Enzymatic Procedures. Enzymatic proce- 



dures are the most specific of the methods avail- 
able to assay glucose. To perform these pro- 
cedures you may use either a mixture of enzymes 
or a single enzyme. Yeast had been widely used 
in this connection until the advent of purified 
enzymes. One such purified enzyme is glucose 
oxidase, which inverts glucose to gluconic acid 
and hydrogen peroxide. The hydrogen peroxide 
is used as the key to color development in most 
enzyme procedures by reacting it with a com- 
pound such as o-dianisidine to form a color. The 
color reaction may be diagrammed as follows: 

Q. ^ . u n glu cose oxidase ^ gluconic acid 
ucose -f n,jU — > -{-HO 



' H..0., H- dye - H 



peroxidase ^ Color -f H..O 



8-9. Glucose oxidase is specific for one isomer 
of glucose (Beta-D-glucose) andrit m^y, there- 
fore, be necessary to incorporate another enzyme, 
in the reaction which induces a shift from the 
nonutilizable alpba isomer present to the beta 
form which can be oxidized. The shift is termed 
"mutarotation,*' and is essential to insure com- 
plete assay of the glucose. About 35 percent of 
blood glucose is in the nonusable, or alph^, form. 
Various commercial preparations are available in 
the form of reagents or tapes which are enzy- 
matic in principle. Further, the principle has been 
applied to automatic equipment. Enzyme methods 
are widely accepted as reliable for the assay of 
glucose. Again, as with all procedures, reliability 
should be determined within the context of a 
quality control program. 

8-10. Somogyi«Nelson True Glucose. Alkaline 
copper solution is heated with a filtrate of the 
specimen which causes cupric hydroxide to be 
reduced to cuprous oxide. Arsenomolybdate is 
then added and reduced to form a complex which 
is a deep green-blue color. This color is propor- 
tional to the amount of reducing sugar present. 
A Somogyi filtrate consists of 1 part blood, 5 
parts water, 2 parts 0.3^ barium hydroxide, and 
2 parts 5 percent zinc sulfate (ZnS04 • TH-O). 
The use of a zinc filtrate may interfere with cop- 
per reduction when micro procedures are used. 

8-11. Ferricyanide Reaction. Several ferri- 
cyanide methods have been used to determine glu- 
cose. The reactions depend upon the reduction in 
an alkaline solution of yellow ferricyanide ions, 
Fe(CN)(i — . to colorless ferrocyanide ions. 

Fe(CN)o , by glucose. This technique has 

gained interest since its institution as an automated 
method by the use of an Autoanalyzer. A serum 
dialysate is mixed with alkaline ferricyanide in a 
continuous stream. It is then sent through a glass 
delay coil maintained at 95° C. The ferricyanide 
is reduced to a relatively colorless ferrocyanide de- 
pendent upon glucose concentration. The reacted 
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stream goes through a flow cuvette, where the 
loss in color is read spectrophotometrically and 
recorded before the stream goes to waste. This 
Autoanalyzer procedure is outlined in figure 14. 

8-12. Several aspects of . automation may need 
clarification at this point. A dialysate is the ma- 
terial which diffuses (or dialyzes) through a mem- 
-bcane. In this glucose method, dialysis is used to 
render the specimen protem-free. This process 
occurs at a constant rate as the diluted serum sam- 
ple (specimen stream) is pumped through the 
dialyzer module on one side of the membrane. 
You can see from figure 14 that alkaline ferri- 
cyanide reagent (reagent stream) also passes 
through the dialyzer. The reagent stream passes 
through on the opposite side of the dialyzing 
membrane from the sample apd carries sample 
dialysate along with it. The specimen stream goes 
to waste from the dialy^zer. Jht reagent stream, 
containing dialysate, continues on to the 95° C. 
healing bath where reduction of ferricyanide oc- 
curs. Transport tubing carries the reacted stream 
to a colorimeter where the stream is debubbled 
before passing into a **flow-through" cuvette. The 
optical density is automatically recorded on a 
graph paper strip. This complete process will 
quantitate 60 samples per hour. Both glucose 



control serum and standards are included in each 
run for standardization and quality cojitrol. Other 
conc^epts involving automated, analytical methods 
will be discussed as they develop in this text. 

8-13. Other Glucose Procedures* Electro- 
phoresis and paper ' chromatography are both 
used for the determination of glucose, although 
neither will be further discussed in this course 
in connection with glucose. Various reduction 
reactions besides those of copper and ferricyanide 
are also used, including the reduction of bismuth 
and the reduction of potassium permanganate. 
One reaction which is specific for sugars uses 
phenol in a solution of aqueous methyl salicylate. 
This is the so-called PMS reagent available com- 
mercially. Protein, particularly albumin, interferes 
with the reaction, elevating the results." A small 
amount of serum, urine, or spinal fluid is generally 
used rather than whole blood. Chemically, PMS 
reagent functions through combination of the 
phenolic hydroxl group with the aldehydic end- 
ing of the sugar molecule. There are also many 
other glucose procedures which are jiot discussed 
here. It might be added that with most methods 
for determining sugar, deproteinization is responsi- 
ble for the greatest difference in values obtained. 

8-14. Glucose Tolenmce Tests. In the usual 
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Figure 14, Ferricyanide method for glucose. 
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glucose tolerance procedure, a measured amount postprandial specimen could be used to attain 

of glucose is administered orally, and at periodic the medicat objective, but again, this would be 

intervals blood and urine samples j^re analyzed for the physician to decide. The intent of a 2-hour 

or glucose and ketones. The amount of glucose postprandial specimen is to measure the blood 

administered is generally SO or 100 g for an adult. glucose level 2 hours after an adequate carbo- 

There is no evidence to suggest that the amount hydrate meal, usually to aid in the diagnosis of 

of glucose administered mus»t be exact as long as diabetes. 

uniformity is maintained. Glucose, which is avail- 8-16. Since most tolerance tests arc done in 
able through supply channels, can be \ycighcd on the morning to meet labpratory schedules, the 
a laboratory balance. Flavored commercial prepa- meal may be less than adequate. Breakfast means 
rations may be used in place of those available different 'things to various people, ranging from 
through supply channels dry toast to a three-course meal. Therefore, it 
8-15. The test begins with a fasting blood sam- is better to insure adequate intake by supplying 
pie and the patient should not eat during the test. 50 to 100 g of glucose. Further, it insures con- 
Further, vigorous exercise should be avoided, as formity to a schedule and reduces physical ex- 
this ^ reduces the blood glucose level. A patient ercise of the patient, who might travel some dis- 
may become restless during the hourly intervals tance between the laboratory and a place to eat. 
and use this time to rush about the base or do A fasting specimen followed by a 2-hour post- 
other physical work. He should be cautioned to prandial specimen is an expedient which has re- 
refrain from such activity. There is no objection placed many of the lengthy glucose tolerance 
to the patient drinking moderate amounts of tests performed in U.S. Air Force medical facilities 
water during the test if he desires to do so. and elsewhere. As noted in the preceding section. 
Some authorities believe that an oral glucose figure 12 shows the normal and a few abnormal 
tolerance test leaves much to be desired and responses to glucose intake. A detailed discussion 
should be replaced by the IV tolerance. This of particular glucose tolerance curves, together 
would appear to be a matter of clinical judgment with associated data, can be found in the medical 
based on practical considerations and needs of literature, and is not usually a primary concern of 
the particular patient. In many cases a 2-hour the laboratory. 
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THE FIRST enzymologists were also the 
world's first biochemists. They were people 
who studied the chemical changes brought about 
by yeasty particularly with reference to the pro- 
duction of alcohol from sugars. The mechanism 
of alcohol production involving yeast was ex- 
plained in some detail by Lavoisier in the 18th 
century, but the active component of yeast was 
not extracted and identified until just before the 
turn of the present century. This substance be- 
came known as an enzyme, which means "to 
leaven." Still the chemistry of biocatalysts (or 
enzymes) made only limited progress until 1926, 
when James B. Sumner crystallized the enzyme 
urease from the jackbean plant. In the decade 
which followed, Warburg and others were cred- 
ited with crystallizing a number o^ purified en- 
zymes. 

2. It should be made clear that all of the 
progress in enzyme chemistry did not rest upAn 
purification and crystallization of specific en- 
zymes. Many investigators studied particular en- 
zymes in their more or less natural cellular en- 
vironment through the control of interfering or 
unrelated metabolic activities of the celi. Today, 
many of the enzyme studies in hospital labora- 
tories are pursued along such biological lines 
through the study of enzyme systems and of mix- 
tures of enzymes in serum, whole blood, etc. 
Because of its proven wonh, the rapidly devel- 
oping field of enzyme chemistry has taken over a 
significant share of clinical chemistry. As will be 
discussed more fully, enzymes control an almost 
infinite number of chemical reactions in the body. 
Yet, each enzyme is specific for the reaction it 
catalyzes and can, therefore, usually be related 
to a panicular body function. Although many 
other chemistry, procedures will always be essen- 
tial, enzyme studies are gaining increasing at- 
tention and usefulness. 

9, Enzyme Chemistry 

9-1. ra^^re chemistry is the study of biocata- 
lysts, and is the most rapidly developing area of 
clinical chemistry. In this section, we attempt to 



answer two basic questions: (I) What are en- 
zymes? and (2) How do they act? In order to 
study enzymes in the laboratory, you must con- 
trol all of the factors that affect their activity. 
These are listed for you. Because of the rela- 
tively low concentration of enzymes in body 
fluids, enzymes are reported in arbitrary units of 
activity under specified conditions. In reporting 
enzyme concentrations, you should always iden- 
tify the type of units expressed. In the final 
paragraph of this section, you will find a few 
words about nomenclature peculiar to enzymes. 
More complete rules Of nomenclature are avail- 
able from currently published information.^*^ 

9-2. Chemical Nature of Enzymes. Enzymes 
control all of the reactions that Voccur in thq 
tx)dy. They are all protein in natilt^ and arc 
produced by various cells of the body. Because 
they control biochemical reactions, they arc 
called biocatalysts. A catalyst is defined in chem- 
istry as an agent which controls the speed of a 
reaction or maintains a reaction without itself 
reacting or undergoing change. There is some 
recent evidence, however, that enzymes may 
undergo some changes of structure when they 
catalyze biochemical reactions. Described as 
feedback inhibition, this process is thought to be 
one ii} which the enzyme molecule undergoes a 
rearrangement of subunits. Further, each enzyme 
is thought to exist in two alternative structural 
forms, a reactive and nonreactive state. As you 
may recall from the discussion of protein chem- 
istry, the structure of a protein molecule is very 
complex. This places limitations on the structural 
Analysis of enzymes with methods available for 
/detecting changes in molecular arrangement or ^ 
special configurations. For our purposes it is less 
important to analyze theoretical mechanisms than 
to recognize behavioral properties. An aware- 
ness, for example, that enzymes are extremely 
effective in low concentrations causes the clinical 
chemist to seek a particular way of reporting 



irtRocommondaiions of iho 1964 Inicrnaiional Unfon of BiochcmiMry 
on ihc "Nomonclaiuru and ClassUicaiion of Enzymes' • are pub* 
llshed in * paper-bound book. Enzymt Nonitnctature, fcisvvicr rxiO' 
Ibhing Co., London, 1965. 
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their presence and • effectiveness. Conventional 
expressions of concentration such as nig-% would 
not prove to be a sensitive enough scale for the 
assay of enzymes. To overcome this problem, the 
biochemist has selected units of activity, and it is 
in terms of activity rather than concentration 
that enzymes are measured. Consequently, fac- 
tors which affect enzyme activity must be known 
and controlled. 

9-3. Factors Affecting Enzymr^ctivity. There 
are many factors which affect enzyme activity. 
Among these are the enzyme concentration, 
temperature, the pH of the solution, radiation, 
inhibitors, and time. In the next few paragrapjis, 
we will discuss each of these factors, 

9-4. Concentration. The concentration of an 
enzyme will determine the rate of activity, al- 
though a curve plotted as concentration versus 
activity will not necessarily be linear.* That is, 
activity varies with enzyme concentration, but is 
not directly proportional under all conditions 
and tends to reach a plateau as shown in figure 
15. The very fact that an increase in concentra- 
tion can be measured in the laboratory is useful, 
because the enzyme concentration in tissues and 
body fluids changes in certain clinical conditions. 
In most cases, it is the concentration of enzyme 
which is actually being measured when the tech- 
nician expresses enzyme activity in arbitrary 
units. Likewise, concentration of the component 
upon which an enzyme acts to produce a chemi- 
cal change will determine the activity expressed. 
The substance which undergoes the chemical 
change is called a substrate. Thus, we see that 
the concentration of substrate and the concentra- 
tion of enzyme affect the activity of an enzyme. 

9-5. Temperature. In general, the activity of 
any enzyme will approximately double for every 
10° rise in temperature on the centigrade scale. 
Because enzymes are protein in nature, a tem- 




SUBSTRATE CONCENTRATION 

Figure 15. Effect of substrate concentration of 
enzyme activity. 



perature that is too high will inactivate the en- 
zyme qnd even destroy it. Most human enzymes 
are denatured at 60° C. Consequently, enzyroes 
are described as heat labile. It is also true that 
a decrease in temperature will retard the activity 
of many enzymes. Most enzymes have very little 
activity at low temperatures (a useful fact for the 
technician who wishes to store a sample of serum 
or other body fluid containing enzymes). Ice 
formation may inactivate an enzyme unless quick- 
freeze methods with dry ice or lyophilization (fast 
dry freezing) is used. In nwst clinical labora- 
tories if an enzyme serum specimen must be 
stored for a short periorf of time, 5° C. is 
preferable to slow freezing.. Of course, lyophi- 
lized specimens may be stored for many months. 
Some enzymes may continue to show significant 
activity at a decreased temperature. This is, inci- 
dentally, the primary reason why certain frozen 
foods should- be treated with boiling water to in- 
activate the enzymes which cause them to de- 
teriorate even at subzero temperatures. For the 
clinical laboratory worker, controlling tempera- 
tures is a constant concern. Enzyme studies arc 
usually made in a water bath whiclvvis accu- 
rate within 1° C. Ap error of 3° could introduce 
an error of 30 perce^nt with enzyme determina- 
tions routinely performed, at least in areas . 
where the curve is linear. 

9-6. pH. There is a specific pH value at 
which a particular enzymeiis most active. In 
fact, enzymes are even char^terizcd by the pH 
at which they are most activeras in the case of 
acid and alkaline phosphatase. It is a serious er- 
ror indeed to report enzyme activity without 
controlling pH, because such an error could 
cause "normal" results where the activity is actu- 
ally elevated. The use of carSully prepared re- 
agents or commercial substrates precludes some 
of the difficulty, although the use of a pH meter 
and suitable buffers is the best technical ap- 
proach. 

9-7. Radiation. Forms of radiant energy, in- 
cluding ordinary sunlight and artificial light, can 
disrupt the protein molecules to the extent of 
affecting enzyme activity. Care must be taken in 
storing enzymes to avoid sources of radiant en- 
ergy, particularly ultraviolet li^. 

9-8. Inhibitors. Glassware used in enzyme 
studies must be chemically clean, since the slight- 
est contamination with heavy metals or certain 
salts will "poison" enzymes. Reagents such as 
mercuric nitrate, which is used in the Schales 
chloride procedure, or mercury from the Van 
Slyke apparatus, must be kept away from en- 
zyme tests. The storage of reagents in metal con- 
tainers (e.g., glycerine for urease suspension) 
should be avoided. 
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9-9. Time of activity. The period of time dur- 
ing which an enzyme acts will also 4eterniine the 
amount of substrate converted. 

9-10. Nomenclature. Most of the enzymes first 
described do not follow any special system of 
naming. For example, salivary amylase was called 
ptyalin, from the Greek word for ^va. As en- 
zyme chemistry became more conventional, there 
developed a system for naming enzymes which 
is in use today. A complete voluitie of rules for 
naming enzymes has been published recently as 
the result of an international agreement It is suf- 
ficient for our purposes to recognize two of the 
basic systems commonly used. 

a. Enzymes are sometimes named for^ the sub- 
strate upon which they act anj^are characterized 
by the ending -ase. Examples are phosphatase 
and amylase, which act on substrates containing 
phosphates and starch, respectively. (Amylum is 
Latin for starch.) 

Enzymes may be named according to their 
function. An example would^e transaminase, 
which functions in the transfer of an amino 
group. This appears to be the most meaningful 
method of naming in use today. 

10. Clinically Significant Enzymes 

^lO-l. Although there are probably hundreds 
of enzyme tests that can be performed, only the 
most practical determinations are included in 
this section. Of these^ the most common are: 

a. Amylase, which is related most often to 
pancreatic disorders. 

b. Lipase, which is also for pancreatic func- 
tion. 

c. Alkaline phosphatase test for liver and 
bone activit^^ 

' d. Acid phospnatase, primarily for prostatic 
disorders. 
e. SCOT, for cardiac^-di&tuibances. 
/. SGPT, for liver disorders. 
g. LDH, also for cardiac disturbances. 

As stated, there are many other tests, as well as 
j3 many other reasons for doing the above tests 
besides the related (disorders mentioned. We will 
also consider newer enzyme tests which have 
gained status in the clinical laboratory.* Best 
known among these are leucine amino peptidase 
for various conditions, including carcinoma of 
the pancreas and 6-giucose phosphate dehydro- 
genase (6-GPD) to evaluate a hereditary defi- 
cency that results in induced hemolytic anemias. 
Later we will discuss seven lesser-known en- 
zymes of importance. 

10-2. Amylase. The enzyme hydrolyzes stsKxh 
into the smaller units of dextrins and maltose. 
^ It, is present in saliva and secretions of the p^il- 
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creas. It is usually assayed in the clinical labora- 
tory from serum or urine. Amylase is sometimes 
called diastase, and pancreatic amylase is some- 
times called amylopsin. It is current practice to re- 
frain from labeling amylase according to the area 
of the body in which it occurs and simply refer 
to this enzyme as amylase. This test is most 
commonly performed as a test for pancreatic 
function in patients complaining of abdominal 
pain. 

10-3. There are various methods of assaying 
for amylase. The ty^o methods most widely • 
used measure either the amount of end product 
or the amount of stardi remaining after activity. 
An example of the first technique the Somogyi 
method, in which aldolase is measured by the 
amount of reducing stf^stances (calculated as mg 
per 100 ml plasma or serum) formed from the 
enzymatic hydrolysis of the starch contained in 
a starch substrate. • ^ 

10-4. The second is the more popular method 
in Air Force laboratories and has been modified 
in many ways. In the Winslow modification, a 
known quantity of starch is added to serial dilu- 
tions of serum, as shown in figure 16, and incu- 
bated. The amylase present converts starch to 
sugar. After incubation, iodine solution is added 
and the tube containing the highest dilution of 
serum showing complete conversion to sugar 
(noted by absence of typical starch-iodine blue 
color) is taken as the endpoint. In the Carro- 
way modification, the method is based on the 
measurement of a blue color and serial dilutions 
are not made. A control" tube is run which does 
not contain amylase and which is used as the 
basis for calculating the result in Carroway units 
as follows: 

(OD of control - OD of test) 

OD of control ^ Carroway units 

One Carroway unit of^ amylase is defined as the 
amount of enzyme that will hydrolyze 10 mg of 
starch in 30 minutes to a stage at which no 
color is given by iodine. In a micro method, 1.0 
ml of reagent containing 0.4 mg of starch is 
incubated 7.5 minutes with 0.02 mi of serum. 
This is equivalent to incubating 8,000 mg of 
starch with 100 ml of serum for 30 minutes. If 
all the starch were hydrolyzed, the serum amy- 
lase activity would be 8000/10, or 800 units 
per 100 ml. The factor of 800 is multiplied by 
the fraction of starch digested to give the units 
of amylase activity. Since the cqi|ktion is valid 
for any photometer, no calibration!" is necessary. 
Normal values by the Carroway method arc 



I'Althoufh widely accepted, the use of the term "control in 
this instance is not aitotether appropriate, bccaiisc this tube do*?* 
not control any aspect of the test, Rather, it scr>es as ao artmrar> 
standard. 
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Figure 16. Serum amylase dilution procedurt (Winslow modification). 



giveit as 60 to 160 Carroway units/ 100 ml of 
serum. 

10-5. Procedures involving the starch and io- 
dine reaction usually differ in normal values. As 
with all enzyme procedures, results should always 
be identified as to the kind of units, such as 
Winslow units, Carroway units, etc. It is fre- 
quently helpful to supply the physician with a 
list of normal values, or to indicate the normal 
values on the report form. The term "units" is 
by no means specific enough. Various hospitals 
perform enzyme procedures, such as the amylase 
test, which differ in norma] values from a few 
units to hundreds of units. Few areas of clinical 
chemistry are in such need of standardization as 
are enzyme tests, and few enzyme tests enjoy 
the variety of procedures as the amyla^ test. In 
addition to carefully controlling all of the factors 
which affect enzyme activity, the technician 
must be very careful to maintain a suitable starch 
substrate. Improper preparation or contamina- 
tion with either bacteria or mycotic organisms 
can* render the starch substrate unsatisfactory. 
Keep in mind, also, that fluorides cannot be used 
to preserve specimens for enzyme studies. 

10-6. Lipase. Although many, laboratories no 
longer perform lipase tests, the ability of lipase 
to split neutral fats to form fatty acids and glyc- 
erol may be measured as a test for pancreatic 
function. In the usual procedure, serum is in- 
cubated with an olive oil emulsion substrate. 
Lipase activity results in splitting of the glyceryl- 
fatty acid ester bond with the liberation of free 
fatty acids. The amount of action is determined 



by titrating the liberated fatty acids with standard 
alkali, using thymolphthalein as the indicator. A 
glass electrode pH meter may also be used to 
detect the endpoint. After a set period of incuba- 
tion, usually^ either 4 hours or 16 to 24 hours, 
the mixture is titrated with N/20 NaOH to a 
blue color with thymolphthalein (pH 10.6). The 
milliliters required to titrate the blank are sub- 
tracted from the milliliters required to titrate 1 ml 
of reacted serum to give the answer in lipase 
units. A 4-hour • incubation should give normal 
values of 0.06 to 0.89 units,vand a 16- to 24- 
hour incubation should give, values of 0.20 to 
1.50 units, but any value less than 2 units is 
generally considered normal. Certain correlations 
have been shown to exist between lipase and 
another enzyme, tributyrinase. Some investiga- 
tors have substituted the assay of tributyrinase 
for the assay^of lipase, but the relationship of the 
former to pancreatic function is less certain ^an 
lipase. Lipase levels of serum are known to show 
a significant decrease if the $erum is hemolyzed, 
but postprandial or lipid senh% has been shown 
to be quite valid. 

10-7. Phosphatases. Increased alkaline phos- 
phatase activity is often associated with , liver 
dysfunction and bone diseases such as rickets. 
Acid phosphatase is elevated in certain conditions 
of the prostate. Other pathological conditions, 
including carcinoma of the breast and Paget's 
disease, may also be indicated by a rise in acid 
phosphatase activity. Alkaline phosphatase shows 
optimum activity at a substrate pH of 9.2 and 
9.7, and acid phosphatase is optimum when the 
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y pH of the substrate is in the range of 4.9 to 
5.1. Actually, measurement of alkaline or acid 
phosphatase activity involves the measurement 
of a group of phosphatase enzymes. For ex- 
^ ample, all of the acid phosphatase of serum is 
not from the prostate, but may be from the red 
blood cells or other sources. Further, these com- 
ponents differ somewhat in their chemical 
makeup. 

10-8. The most widely used method of deter- 
mining the activity of serum fractions collectively 
identified as acid or alkaline phosphatase is by 
the Shinowara, Jones, and Reinhart method. In 
this procedure scrum is incubated with buffered 
glycerophosphate of a definite alk^ine or acid 
pH for 1 hour at 37° C The optimum pH of 5 
for acid phosphatase i$ easily achieved with a 
buffer, regardless of variation in the amount of 
serum used. For alkaline phosphatase an opti- 
mum pH of 9.7 is achieved in the final substrate 
mixture with a buffer of pH 10.8; use of less 
serum than normally called for in the test requires 
.compensation in the amount of alkaline buffer 
added. Otherwise, the pH of the final substrate 
mixture will be significantly higher than 9.7. 

10-9. The difference between inorganic phos- 
phate before and after incvbation is an index of 
phosphatase activity as measured by the method 
of Fiske and Subbarow using molybdic and ami- 
nonaphthosulfonic acid reagents for color de- 
velopment. When this method is used, it Js ad- 
visable to repo^^ inorganic phosphorus level 
in addition to phosphatase activity.' 

Alkaline phosphatase 

Adults; 2.2 to 8.6 mg inorganic 

phosphorus liberated per hour per 100 

ml serum 
Children: 3 to 14 mg inorganic 

ptiosphorus liberated per hour per 

100 ml serum. 
Acid phosphatase 

0 to 2.0 nig inorganic phosphorus liber- 
ated per hour per 100 ml serum. 

10-10. Another widely accepted method for 
phosphatases uses buffered p-nitrophenyl phos- 
phate as a sutelrate. This compound yields 
p-nitrophenol upon hydrolysis as follows. 

p-nitrophenyl phosphate + H.,0 

p-nitrophenol -f- H.,PO| 

The p-nitrophenyl becomes yellow upon the ad- 
dition of NaOH, whereas p-nitrophenyl phos- 
phate is colorless in either alkaline or acid solu- 
tion. Intensity oif the color is determined to a* 
certain extent by the concentration of NaOH. 
Many substrates have been studied in connec- 
tion with phosphatase activity. Some of the sub- 
strates are more specific for one type of phos- 
phatase than for another. For example, it has 
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been shown that alpha-naphthyl phosphate is 
twice as specific as bcla-glycerophosphate for 
prostatic acid phosphatase. 

10-11. A third method frequently uses re- 
agents in the form of tablets. While the procedure 
is not as detailed as the one above, some labora* 
tones use the tablets as a screening test. Alka- 
line phosphatase levels follow the rate of bone 
formation, which accounts for the hi^er level in 
children. Serum is the specimen of choice, since 
fluorides and oxalates both act as inhibitors. 
There is some question of specimen jstability, but 
both alkaline and acid phosphatase are probably 
stable in the frozen state. It should be added 
that the residual phosphatase 'activity of milk is 
sometimes measured in U.S. Air Force labora- 
tories to aid veterinary departments in evaluat- 
ing the efficiency of milk pasteurization. The 
procedure is somewhat different from that used 
for serum, although the principle is usually the 
same. 

10-12. Tnuuamiiiases. The two principal 
transaminase enzymes for which blood is ana- 
lyzed in the clinical laboratory are serum glu- 
tamicoxalacetic transaminase (SCOT) and serum 
glutamic-pyruviq transaminase (SGPT). 

10-13. SCOT. This test is of greatest diag- 
nostic value in cases of myocardial infarction. It 
is the more commonly performed of the two 
transaminase procedures discussed here. In 
theory, SCOT catalyzes the following biochemi- 
cal reaction which takes place in tissues, including 
cardiac tissue: 

alpha-ketoglutarate -f L-Asparatc 5521 — ^ 

glutamate + oxalacetate 

Many, if not most, Iz^boratories use a commer- 
cially prepared substrate and color developer for 
this procedure because reagents which have not 
been stabilized are more sensitive to temperature 
fluctuations. This can be a source of significant 
error. 

10-14. The various procedures available are 
not identical, some being much more involved 
than others. In the Umbreit method presented 
in AFM 160-49, Laboratory Procedures in Clin- 
iccil Chemistry, the oxalacetic acid formed is 
reacted with dinitrophenylhydrazine to form a 
colored hydrazone which is measured spectro- 
photometrically. As with all enzyme tests, the 
units in which this test is reported depend upon 
conditions of the test. The normal values pre- 
sented in AFM 160-49 (8 to 40 units) are 
equivalent to Frankel units. One Frankel unit 
of either SCO or SGP transaminase will form 
4.82 X 10 » micromples of glutamate per min- 
ute at 25^ C, and at pH of 7.5. Values are read 
from a nonlinear curve which is prepared from a 



-series of standards. In preparation of the curve, 
the technician should follow instructions supplied 
by the manufacturer if a commercial "kit" is 
used. Unlike the procedure in AFM 160-49, 
some of the commercially, prepared standards are 
not incubated at 37'' C, a point which can be 
quite easily overlooked. 

10-15. SCPT. Primarily a test for liver func- 
tion, the procedure for glutamic-pyruvic trans- 
aminase measures the biocatalyst in the following 
reactioaw 



alpha-ketoglutarate -\- L-alaitiine 



SGPT 



gJutamate -1- 
pynivate 

The procedure and reagents are frequently iden- 
tical with the SCOT procedure'^, except that a 
different substrate is used. Color development 
mixtures are interchangeable if the procedures 
are the same except for substrate. Normal val- 
ues for serum SGPT levels given in AFM 160- 
49 (5 to 35 units) are equivalent to Frankel 
units for SCOT identified in the preceding para- 
graph. Cerebrospinal fluid values are normally 
lower for both SCOT and SGPT. It is also re- 
ported that some diagnostic importance can be 
attached to the ratio of scrum SGOT to SGPT, 
the point being that SGPT values arc higher 
than SGOT values only in cases of viral hepatitis. 
More important is the fact that a rise in trans- 
aminase values is of greater diagnostic value 
than a single determination. For example, a rise 
from 5 to 25 Frankel units may be notewothy 
even though neither value exceeds that estab- 
lished as normal. Although interpretation is the 
responsibility of the medical profession, it is a 
matter of concern for the technician to submit 
data which differentiates minimal but significant 
changes in the serum transaminase levels. Serum 
showing high transaminase values should be di- 
luted and rerun. All of the factors outlined in the 
first part of this chapter must be considered as 
potential sources of terror. Serum samples for 
SGPT studies are stable in the refrigerator for 2 
to 3 days if the cells are separated, and samples 
for SGOT are stable somewhat longer. Storage 
time may be lengthened if the serum is frozen. 
In both tests, slight hemolysis will not elevate 
results beyond confidence limits, but very obvi- 
ous hemolysis will produce elevated results. 

10-16. Lactic Dehydrogenase (LDH or LD). 
This enzyme catalyzes the conversion of pyruvic 
acid to lactic acid, as well as the reverse reaction 
shown as follows: 



LDH 



Pyruvic acid + beta-DPNH <r- 



bcta-DPN + 
lactic acid 



The term "DPN" stands for diphosghopyridine 
nucleotide, and "DPNH'' for the reduced form 



of the nucleotide. The rate at which the con- 
centration of DPNH decreases under conditions 
of the test is measured directly as a change in 
optical density with a spectrophotometer. This 
test has gained wide acceptance in the past few 
years and is now supplied in the form of pre- 
pared reagents through medical supply channels. 

10-17. Lactic dehydrogenase is remaijkably 
stable in serum separated from cells even at room 
temperature. However, refrigeration is recom- 
mended for an^xtended period of storage up 
to a week. Specimens to be stored for more 
than a week should be frozen. Hemolysis has a 
profound effect on this test, so hemolyzed serum 
must never be used. The report is rendered in 
arbitrary units, usually identified simply as LDH 
units. The normal is 60 to 100 LDH units 
per 100 ml of serum, although other normal 
ranges may be given, depending upon the pro- 
• cedure. The Sigma procedure, for instance, 
lists the normal total serum lactic dehydrogenase 
value as 100 to 350 units per ml. In this case, 1 
unit is defined as "that which will cause a de- 
crease of 0.001 unit per minute optical density 
at 340 m^ at 25" C. in a 3-ml reaction mixture, 
as measured through a 1-cm light path." The 
LDH level of serum rises ii^ cases of myocardial 
infarction. LDH 'level of spinal fluid is elevated in 
certain conditions of the central nervous system. 

10-18. Leucine ApiiiioJPfeptidasc (LAP). 
Serum LAP is assayed to rule out or diagnose 
carcinoma of the pancreas and certain other 
conditions, including acute pancreatitis, malig- 
nancies, and liver disease. It is also elevated in 
the third trimester of pregnancy, and following 
some surgical procedures. Diagnosis frequently 
depends upon a comparison of urine and serum 
LDH values and upon the changes in serum 
LDH as the condition progresses. Nonmalignant 
causes ten<l to produce a more transient rise in 
serum LDH values. The enzyme LAP hydrolyzes 
certain leucine compounds and their derivatives. 
A common laboratory procedure uses a leucyl- 
naphthylamide substrate proposed by Goldbarg 
and Rutenburg. The reactipn is as follows: 

LAP 

L-lcucyl-bcta-naphthylamidc -}- H^O > Leucine 

-h beta-naphthylamine 

The beta-Mphthylamine which is formed is then 
assayed by the diazo reaction. LAP enzyme is 
reported to be stable in serum or urine up to 7 
days at 4^ C. and for several weeks if frozen. 

10-19. The most common system of report- 
ing is in G-R units established by Goldbarg and 
Rutenburg. Normal values arc as follows: 



Serum 

Male 75 to 230 *G-R units 
Female 80 to 210 G-R units 



M'Hoitr Urine 

50 to 175 G-R units 
20 to 70 G-R units 
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Recently it has been shown that lactic dehy- 
drogenase is composed of components or iso- 
zymes which can be separated by means of elec- 
trophoresis or chromatography. Both heat labilp 
and heat stable fractions of LDH have been 
separated from serum and tentatively identified 
with liver disease and cardiac damage, respec- 
tively. It appears there is still much to be in- 
vestigated ia the resolution of enzyme compo- 
nents. 

10-20. Trypsiiu Trypsin levels are most com- 
monly assayed from fecal or duodenal contents 
because only limited success has been reported 
in correlating the trypsin level of serum with 
clinical disorders. One situation in which a tryp- 
sin level may be helpful results when there is a 
decrease in duodenal enzymes due to obstruc- 
tion. On the other hand, some of the other en- 
zymes, particularly lipase, cannot be accurately 
assayed from fepal or duodenal contents. Vari- 
ous methods are used for trypsin analysis. In 
the method of Gross, casein (which is precipi- 
tated by acetic acid) is digested by trypsin, form- 
ing products which are not precipitated by acetic 
acid. The result is reported in terms of trypsin 
activity equivalent to the reciprocal of the^Rm- 
ber of milliliters of duodenal fluid in the first 
clear tube. A popular technique widely used in 
Air Force laboratories is to prepare a series 
of dilutions of a fecal specimen and then measure 
the capacity of trypsin to dissolve the gelatin 
of X-ray film. This can be accomplished with one 
centrifuge tube by placnng 1 cc of specimen in 
the bottom of the tube with an applicator stick 
and then adding saline or water to the 10 mark 
with stirring. This represents a 1:10 dilution of 
specimen. A drop of suspension is transferred 
with an applicator stick to the emulsion side of 
undeveloped (green) X-ray film. A portion of 
the inixture is decanted from the centrifuge tube, 
a second dilution is madjs, and so on, until vari- 
ous drops have been transferred to the X-ray 
film, representing dilutions of 1:10/ 1:20, etc., 
through 1:1280. The film is placed, in a cov- 
ered Petri disli, in the incubator for 2 hours, 
removed, and washed in tapwater. The highest 
dilution showing trypsin activity is demonstrated 
by absence of the emulsion layer, visible as a 
clear zone. The film may be submitted as part of 
the lab report if desired. Other procedures are 
also used for trypsin activity, including the film 
test described in AFM 160-49. 

10-21. Gluco5e-6-Phosphate Dehydrogenase 
(G-6-PD). This enzyme is presented as an ex- 
ample of an enzyme which has gained the at- 
tention of clinical laboratories in the past few 
years. Acute hemolytic anemias can be induced 
by the use of certain drugs in persons having a 
deficiency or decreased activity of glucose-6- 



phosphate debyrogenaie in their red blood cells. 
Many drugs are known to induce hemolysis, in- 
cluding primaquine drugs used in the treatment 
of malaria, various nitrofurans, some sulfona- 
mides, acetophenetidin and others. Individuals 
who develop hemolytic anemias frequently pre- 
sent a diagnostic problem as to the etiology of 
the anemia. It is extremely helpful to the physi- 
cian if you are able to demonstrate an enzyme 
deficiency which can draw attention to the ef- 
fect oC drugs as a causstive factor. Although less 
than 1 percent of the Caucasion population is 
J^elieved to be lacking in this particular enzyme, 
the incidence is notabW higher in Negroes, Sar- 
dinians, Asiatic Jews, Greeks, Turks, and other 



ethnic groups.^" In a 



cent of the males and 
studied were found t< 



recent study among Ni- 



gerian newborns, an average of about IS per- 



il percent of the females 
be affected.^^ Statistics 
collected among American Negroes show an 
incidence of approximately S percent. This does 
not mean, of course, mat all individuals having 
deficient G-6-PD develop hemolytic anemias. 
It is well established, however, that this defect 
is hereditary and predisposes the patient to de- 
veloping a hemolytic anemia if treated with some 
of the drugs mentioned. Other substances kiiown 
to induce hemolysis include fava beans, naphtha- 
lene, and acetanilid. /A gIucose-6-phosphate sub- 
strate is available commercially for the assay of 
this eniyme, although this is not yet routine in all 
clinical labpratories. / 

10-22. Odier Enzyme Procedures. Other 
enzyme procedures /which are currently available 
in kit form include the following: 

a. Malic dehydrogenase (MDH) — It is be- 
lieved that MDH Revels follow a pattern similar 
to SCOT levels. 

b. Sorbitol ^eliydrogena^Se (SDH) — This en- 
zyme catalyzes the following reaction: 



D- fructose -f betai-DRNH 



S DH 



D-sorbiiol -f 

k^ta-liPNH 

Elevated levels/ of SDH have been reported in 
liver disease, myocardial infarction, and diabetes. 

c. Aipha-hyijroxybutyric dehydrogenase— This 
enzyme functtons in the conversion of alpha- 
ketobutyric acid to alpha-hydroxybutyric acid. 
Elevated ievds of this enzyme a^e usually found 
in conditions which result in elevated LDH lev- 
els. This p/'Ocedure is also helpful in cases of 
muscular d'ystrophy and diseases of the pharynx 
(angina). / 

d. Phoisphohexbsc isoincrase — The enzymt 
phosphol^xo'sc isomcrasc catalyzes the conyer- 

'•♦Kcllcrmeycr, R. W . ci ul.. •'Hcmoi>tic Effcn of ThL-rapcutic 
Drugs." ilAMA. l80:38H-394. May 5. 1962. ' 

'^Capp*!. F P.A.. et al.. ••Gluco!ic-6-Phoiphate Di'hydroBcnev IX- 
ficicncy /and NL-onaial Jaundice in Nigeha. " Luncn. 379-38J. 
August /96i. 
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sion of glucose-6-phosphate to fructose-6-phos- 
phatc. Although not yet firmly established as a 
clinical procedure, the assay of this enzyme may 
aid in the diagnosis of carcinoma and viral hepa- 
titis. " v 

e. Ornithine carbaniyl transferase (OCT) — 
Since this enzyme occurs almost exclusively in 
liver cells, elevation of OCT may be of diag- 
nostic value in estimating liver cell damage. It 
catalyzes the conversion of citruUine and phos- 
phate to ornithine and carbamyl phosphate. 

/. Chx)linestcrasc — The enzyme cholinesterase 
hydrolyzes various choline esters. is of more or 
less diagnostic value in poisoning from organic 
phosphates which are present in certain insecti- 
cides and which cause a reduction in the serum 
cholinesterase activity. ^ 

g. Cytochrome^ oxidase — This enzyme is 
sometimes assayed from tissues as a histochemi«- 
x:al procedure. 

/?. Isocitric dehydrogenase (ICD) — Reported 
to be of value in the diagnosis of liver cpU dam- 
age, this enzyme catalyzes the following reaction: 



Mn 



d-Isocritrarc + TPN ^qx^ 



gamma-ketoglutarate 
-f- CO;; 4- TPNH 



An intermediate product* may be formed before 



CO:^ and TPNH. The ICD level may be. elevated 
in a variety of diseases. 

/. Aldolase — There is evidcncg, that assay of 
aldolase levels may be of value in the diagnosis ^ 
of muscular dystrophy, myocardial infarctions, 
and^^pcltcinoma of the prostate. Aldolase catalyzes 
the conversion of fructose- 1, 6-diphosphate to 
dihydroxyacetone phosphate plus glyceraldc- 
hyde-3-phosphate. It is to be expected that many 
other enzymes will be investigated ih the near 
future, and that specific correlations will be 
drawn between their activities and metabolic or 
other clinical disorders. 

/. Creatine phosphokinase (CPK) — -Reported 
to be of value in the diagnosis of muscular dys- 
trophy, myocardial infarction and hypothyroid- 
ism, CPK catalyses the following reaction. 

J CPK 
ATP -f- creatine ^ ADP -f- phosphocrealine 

As with other enzyme procedures, the value of 
CPK units varies with the "kit" or procedure 
used. Purity of the substrate is very important 
for creatine phosphokinase, since the reaction is 
markedly affected by the presence of inorganic 
ions. 



/ 
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STUDY REFERENCE GUIDE 



1. Use this Guide as a Study Aid. It emphasizes all important study areas of this volume. Use 
the Guide for review before you take the closed-book Course Examination. 

2. Use the Guide for Follow-up after you complete the Course Examination, The CE results 
will be sent to you on a postcard, which will indicate "Satisfactory" or **Unsatisfactory!' comple- 
tion. The card will list Guide Numbers relating to tifc hems missed. Locate these numbers in the 
Guide and draw a line under the Guide Number, topic, and reference. Review these areas to 
insure your mastery of the course. ^ 



Guide 

Numbers . 

Guide Numbers 200 through ^10 

200 Introduction to Body Metabolites; Body 
Electrolytes: General; Nature of 

. Electrolytes; Distribution of Electrolytes; 
Sodium; Potassium; Giloride; Determination 
of Chloride; pages 1*5 

201 Body Electrolytes: Bicarbonate and Carbon 
Dio'xi de Content ; Electrometric 
Measurement of pH; pages 5-8 

202 Other Inorganic Metabolites; pages 8-1 1 

203 Introduction to Liver Function Tests; 
Physiological Basis of Liver Function Tests; 
pages 12-15 

204 Laboratory Test of Live^ Function; pages 
15-18 ^ 



Guide 
Numbers 

2Q5^^Illtroduction to Proteins; Chemistry and 
Physiology of Proteins; pages 19-21 

206 Laboratory Investigation of Proteins; pages 
'21-24 

207 Introduction to Carbohydrates; Chemistry 
and Physiology of Carbohydrates; pages 
25-30 ^ 

208 Laboratory Test for Glucose; pages 30-33 

209 I n t roduction to Enzymes ; Enzyme 
Chemistry; pages 34-36 



210 GinicaUy Significant Enzymes; pages 36-41 
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CHAPTER REVIEW EXERCISES ^ 



The follomng exercises are study aids. Write your answers in pencil in the space provided after each 
exercise. Immediately after completing each set of exercises, check your responses against the answers' for that 
set Do not submit your answers to ECI for grading, 

CHAPTER 1 

Objective: To understand th^^^icance of measuring body electrolytes and the clinical importance of calcium 
and phosphorus. 

1 . What is meant by Gibbs-Donnan equilibrium? (14) 

^. Fluid moves into cells if the plasma is hypotonic. Why? (1-5,6) 

\ 

3. What role do the kidneys have in maintaining electrolyte balance? (1-6) 



4. How is it possible for the total ionic level of the plasma to diminish with no appreciable change in ionic 
concentration? (1-7) 



■ - V 

5. What is the ion of greatest concentration in plasma? (1-8) 



6. Name the principal cations of serum. (l-8i 9) 

1, Why is it necessary to know the blood potassium level of a patient who receives IV infusions of saline? 
(1^9) 

8. What is the ion most likely to diminish in gastric malabsorption syndromes? (M 1) 



9. Why is a drop of nitric acid sometimes added to the scrum before a direct scrum chloride titration by the 
Schales method? (1-12) ' * . 



i56 

2- 



10. What is the anion present in CSF in higher concentrations than in scrum? (1-12) 

<* 

1 1 . What is the principle of bicarbonate titration? (1-16) 

12. What does the symboUc term IH+] n^ean? (1-18) 

13. How is the symbol for hydrogen, H, different from the symbol [H+]? 

14. What is the pCO^ proportional to in the Henderson-Hasselbalch equation? (1-20) 

15. Why must blood for CO^ content or direct pH measurement be drawn anaerobically? (1-21) 

1 6. What are the three unknowns necessary for a physician to establish the acid-base balance of his patient? 
(1-24) 

i 

1 7 . What is meant by the chloride shift? ( 1 -26) 



18. In the chloride shift, by what is potassium balanced? (1-26) 

19. If a patient loses CO^ by hyperventilating, what results may be expected? (1-26) 

20. What is the standard electrode which serves as the arbitrary basis for electro measurement of pH? Why is 
it important to know the, type ofelectrode on a particular instrument? (1-28) 

21 . Of what is a calomel electrode composed? (1-29) 

22. By what is overactivity of the parathyroid glands usually accompanied? (2-3) 

« 
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23. In the sense of storing bodily energy, what element is called the powerhouse of the body? (2-6) 



24. Describe the hydrolysis of ATP and explain the result. (2-6) 

25. Wth what is the scrui^level or phosphorus closely associated? (2-7) 



CHAPTER 2 

Objective: To show an understanding of basic liver physiology and common tests for liver function.^ 

1 . What is the chief exocrine secretion of the liver? (3-2) 

2. What are the primary^ functions of the gallbladder? (3-3) 

/ 

i \ 

3. Describe the physiological significant of bile. (3-3) 

/ 

/ V . 

4. Why is it abnormal to find bilirubin in the feces? (34) 

/ ^ 

5. Why is bile green?,X34) 

6. How do you explain the fapt that urine urobilinogen may increase in cases of obstruction where bilirubin 
available to the intestine for conversion to urobilinogen is diminished? (3-6) 

^ . 

7. What is the source of bile pigments? (3*7) 



8. How is cholesterol formed and how is it excreted? (3-8) 



9. How are cholesterol esters formed in the body? (3^9 ) 

10. What percent of the body cholesterol is in the form of esters? (3-9) 

1 1 . Which of the forms of bilirubin discussed is/are soluble in methanol? (4-2) 

1 2. List* the essential components in the Lieberman-Burchard reaction. (4-12) 

1 3 . What may happen if wet glassware is used with acetic anhydride? (4- 1 2) 



1 4. What effect does bilirubin have on a cholesterol determination if the cholesterol is not extracted from the 
from the pigment? (4-1 3) 



15. a. What is saponification? 

b. Why do some cholesterol procedures utili^jf saponification techniques? (4-17) 



is. Why would the use of 0.962 noi^at bmum sulfate instead of 0.962 molar barium sulfate result in thymol 
units which aro> higher by a factor of two? (4-20) 



17. What is the standard for the thymol turbidity test? (4-20) 

/ 

18. Which two factbrs'in serum are most likely responsible for ce.phalin-cho^pjterol flocculation? (4-2 1 ) 

■A 

19. How do serum Upids affect a cephalin-cholesterol flocculation test? (4-21) 



20. Why is the BSP test referred to as a retention test rather than an excretion test? (4-23) 
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2 1 . How does an elevated bilirubin affect the validity of a BSP test? (4-23) ^ 



CHAPTERS 

Objective: To show a knowledge of the chemistry and physiology of certain proteins and to be able to identify 
the common laboratory tests for proteins. 

1 . What is the basic structural unit of the protein molecule? (5^2) 



2. What are polypeptides? (5-2) 



3. Describe the protein molecule. (5*2) 



4. Why are proteins described as amphoterous? (54) 



5. Describe the forces which aqt to keep proteins in solution and explain how this relates to the isoelectric 
point.(54,5) 



6. ' In what units is the isoelectric point of proteins expressed? (5-5) 



1, Describe the physical change of a specific protein in its optimal salt concentration at its electrically 
neutral pH. (5^5) % 



8. List the enzymes which function in protein digestion. (5-6) 



9. Briefly describe the metabolism of proteins. (5-7, 8) 



10. What happens to the ammonia produced by protein metabolism? (5-8) 
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11. What is meant by **transainination"? (5-8) 



12. What causes PKU? (5-9) 



1 3. What is meant by **essential" amino acids? (5-10) 



14. What is the principle of the Gomall biuret method for total protein? (6-2) 



15. What is the principle of the Kingsbury-Clark method for urine proteins? (6-4) 



16. Why is trichloroacetic acid, instead of sulfosalicylic acjid, used for CSF protein precipitation? (6-4) 



17. a. What is the principal objection to the biuret method for CSF protifin? 
b. What is the normal CSF protein level? (6-6) 



1 8 . What is the normal A/G ratio? (6-7) 



19. Describe what happens if 28 percent sodium sulfite is added to an aqueous serum solution. Explain. 



20. Why is sodium sulfite recommended over sodium ^Ifate for the precipitation of serum globulins? (6-9) 



21 . How do«^the globulin result by the Howe technique, using 22.2 percent sodium sulfate, compare with 
results achieved with 28 percent sodium sulfite? (6-9) 



(6-9) 





CHAPTER 4 



Objectives: To demonstrate an understanding of the terminology of carbohydrate chemistry and the metabolism 
of carbohydrates; and how to conduct laboratory tests for glucose. 



4. What is a hexose? (7-3) 



5. What causes cis and trans isomers? (7-4) 



6. Define: 

a. isomers. 

b. optical isomers. 

c. polarized light. 
(74-6) 



7. How does a (d)+ isomer differ from a (d)- isomer? (7-6) 



8. How would you describe the optical activity of a racemic mixture with respect to polarized light? (7-6) 



9. In what chemical form are carbonhydrates absorbed in the intestine? (7-9) 



10. Discuss the major ways in which glucose is metabolized and distinguish between aerobic and anaerobic 
metabolism. (7-10) 




1. 



How do monosaccharides differ from disaccharides? (7-2) 



3. 



Distinguish between dextrin and dextrose. (7-3) 
4 



1 
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1 1 . How is glucose principally stored in the body? (7-1 0) 



12. What is the normal fasting true glucose level of blood and how is it physiologically maintained? (7-1 1) 



1 3. Briefly describe a normal response to the ingestion of glucose. (7-15) ^ 

14. Define the following; 
(L diabetes mellitus. 
b, diabetes%isipidus. 
c renal diabetes. 
(7.12,14,16) 



IS. Name some substances otherthan glucose which contribute to the total reducing capacity of b whole 
blood PFF. (8-2). 



1 6. (L What is the principle of the Folin-Wu glucose procedure? 



b. Does Folin-Wu yield true glucose values if used with an STA filtrate? 
(8-2) ^ 



17. What is the result of the action of glucose oxidase on glucose? (8-8) 



18. Glucose oxidase is quite specific for beta-D-giucose. Of what practical consideration is this? (8-9) 



ft 

19. What is meant by a postprandial glucose test? (8-15) 



20. CL List some general arguments for a glucose tolerance test as oppose^! to a 2-hour postprandial. 
b. Cite some arguments against a glucose tolerance test as opp^ed to a postprandial blood sugar. 
(8-15,16) 
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CHAPTERS 



Objective; To show a knowledge of the nature of enzymes and the factors affecting their activity, with empha- 
sisx)n the clinically signific^t enzymes. 

1 . What is the purpose of e^mes in the body? (Intrd.) 



2. List six factors which affect the activity of enzymes. (9-3) 



3. How does the activity of an enzyme vary \iath its concentration? (94) 

4. How significant is the temperature of a water bath in performing most enzyme procedures? (9-5) 



S. How is the pH of an enzyme substrate maintained? (9-6) 



6. Why would a specimen for transaminase activity deteriorate if placed by a window in direct sunlight f( 
s6veral hours? (9*7) 



7. Give two ways in which enzymes are named. (?-l 0) ^ 



9 

8. What is the chemical function of amylase? (10-2) 




9. Explain the factor of 800 in the calculation for the Canoway miao procedure. (104) 



10. A patient is transferred to your medical f^dlity and the chart shows an amylase activity of 2S0 units. 
The physician asks you if this is normal. What would you reply? (10-5) 



1 1 . What is the chemical funption of lipase? (10-6) 



12. What is the most common clinicdl reason for requesting acid phosphatase tests? (10-7) 



13. Name the optimal pH of the substrate for determining 
0. acid phosphatase. 
b, alkaline phosphatase. 
(10-7) 



14. A test for acid, phosphatase is ordered on a female patient. What dysfunction may be indicated? (10-7) 



ll What is the principle of the alkaline and add phosphatase procedure by each of the following methods? 
(L Shinowara, Jones, and Reinhart. 
b. P-nitr<)phenyl. . 
(lO^jO) 

* ^ ~^ 

* 

16. A specimen is submitted in lithium oxalate for add phosphatase. The patient cannot be recalled and 
you are asked if the plasma is suitable. What would you reply? (10-1 1) 



17. What is the primary diagnostic value of 
0. SGOT?^ 
b. SGPT? 
(10-13, 15) 



18. It is brought to your attention that SCOT values in your laboratory are nearly always higher than SGPT 
values when both tfests are performed on the same patient. How would you evaluatcthis situation? 
(10-15) , , 

1 9. 0. How stable is LDH in serum which has been separated from the^ells? 

b. Slightly hemolyzed serum is submitted for the following tests: SCOT, SGPT, LDH. What effect, if 
any, would the hemolysis have upon each of the three te$ts?(10-15, 1 7) 



20. A request form is submitted for a serum LAP test. This test is not performed at your laboratory. 
0. How would you pr^^pate the spcdmen for shipping? 

b. The results are' returned from your consultant laboratory as 200 GR units. What does this mean? 
(10-18,19) 
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ANSWERS FOR CHAPTER REVIEW EXERCISES . 



CHAPTER 1 



1 . Cibbs-Donnan equilibrium is the balanced system of unequally distributed ions separated by a semi- 
permeable membrane. 

2. To establish osmotic equilibrium. 

3. Kidneys conserve water and electrolytes that are lost in other ways, and excrete excesses. 

4. The total plasma volume may also diminish. 

5. Sodium. ^ ^ 

6. Sodium and potassium. 

7. As the patient's blood is diluted with potassium-deficient fluids, he may develop hypokalemia. 

8. Chloride. 

9. Nitric acid lowers pH and prevents formation of a color complex. ^ 
iV Chloride. 

1 1 . Senim or plasma is reacted with a known excess of acid; the acid is then back-titrated with standard 
NaOH which mathematically represents the original bicarbonate concentration. 

v.; 

12. The symbol for hydrogen, H, with the positive ionic sign, both inclosed in brackets means hydrogen ion 
concentration. 

" ^ ' 

1 3. The symbollfbr hydrogen, H. without the positive sign means the neutral element hydrogen. Howevw, 
with the charge symljol, it means hydrogen ions. 

14. pCO^ is propbrtiohal to carbonic acid or to the dissolved CO^ in the Henderson-Hassclbalch equation. 

15. Blood for CO^ contwit or direct pH must be drawn anaerobically because CO^ will diffuse to any phase 
such as air which hasp lower pCO^. If CO^ diffused from the plasma it would, of course*, change the 
CO^ content and thrdirect pH value. 

1 6. The Henderson-Hasselbalch equation has three unknowns, the patient's blood pH, bicarbonate, and 
carbonic acid concentrations. It can be balanced if any two of these is known and the third unknown 
is calculated. 

*• 

1 7. The shift which takes place between the plasma and the cell with respect to chloride and bicarbonate to 
rhaintain electrical neutrality. 



18. An increase in bicarbonate. 

1 9. An increase in chloride and a decrease in bicarbonate. 



If T 
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20. The hydrogen electrode is the basic standard electrode. It is important to know the nature of the 
electrode because each has characteristic capabilities and limita^ons and should be used to measure the 
pH of solutions for which it was designed. 

21. Mercury. 

22. An elevation in calcium. 
, 23. Phosphorus. 

^ 24. The terminal phosphate is transferred from ATP to water to form ADP and HjPO^ . The result is a 
group transfer potential or release of energy. , - ' 

25. calcium. 

CHAPTER 2 

1. Bile. 

t 

2. Store and concentrate bile. 

3. Bile performs a digestive function in the etnulsification of fats and activation of certain enzymes. It 
also functions in an excretory capacity, particularly with regard to cholesterol. 

4. Bilirubin is normally reduce(^to urobjjinogen in the intestines. 

5. Bile is green due to biliverdin. ' 

6. Although less urobilinogen is available for reabsorption in the intestines, liver damage may be severe 
enough to interfere with the uptake and transformation of urobilinogen in the liver. Hence, it appears 
in the urine in abnormal amounts. 

7 

7. Hemofflobin. 

( . / . 

8. Cholesterol is formed from acetate i^ns in the liver and excreted as choUc acid in the bile. 

9. Cholesterol esters are formed from Organic acids in combination with the hydroxyl group of the 
cholesterol mole cule . 

10. 75 percent; 

1 1 . Both direct and indirect are solublii in methanol. 

^2. Cholesterol, acetic anhydride, glacial acetic acid, and sulfuric acid. 

13. A violent reaction or explosion may result. 

14. The cholesterol will be falsely elevatec 



evated. 
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15. a. Saponification is the process by which alkalis react with lipids to produce soaps and free alcohols, 
b. Saponification is advantageous in the cholesterol procedure by converting the various forms of 

cholesterol to one which can be reliably extracted and reacted. 

1 6. Since barium has a valence of +2, the 0.962 normal standard would be one-half as concentrated as a 
0.962 molar solution. When used tp calculate unknowns, the unknovni would then appear twice as 
'high as it would with 0.962 molar standard. 

17. A suspension of barium sulfate is the standard . 

18. An inaease iiijanuna globulin, a deaease in-albumin, or both. 

19. Serum lipids have no appreciable effed. 

3. 

20. The BSP test is called a rejtention tesf because BSP is reported in percent dye retained rather than in 
percent exaeted. ^ 

21 . A high bilirubin would invalidate a BSP test only if the jaundice is due to blockage of the bile passages , 
(obstructive) since retention is in this case not necessarily due to liver cell damage. Photometric 
interference occurs above 20 mg-%. 

f CHAPTER 3 

1 . The basic structural unit of the protein molecule is an amino acid, designated as R-CH (NHi>COOH. 

2. Polypeptides are chains of amino acids. 

3. Proteins are chains of amino acids which vary in character and sequence. The amino acids are combined 
in polypeptide chains to form large molecules of high molecular weight. 

,? 

4. Proteins act as both acids and bases and are therefore described as "amphoterous,** which is Greek for 
"both."' 

5. Proteins are held in solution as emulsoid colloids under the influence of two opposing forces: 
0. The attraction of protein molecules for molecules of the solvent which favors suspension. 
b. The attraction of protein molecules for each other which favors precipitation. 

The isoelectric point is the pH at which force number a is overcome by force number 



6. Isoelectric point is expressed in pH units. 

7. At the electricaUy neutral pH of a specific protein (isoelectric point) in an optimal salt concentration, 
the^protein fraction will precipitate or "salt out.' ♦ ^ 

8. Pepsin, trypsin, chymotrypsis, peptidase, and carbpxypeptidase. " 

9 . Proteins are absorbed as amino adds >yhich are almost immediately taken up by the tissues. Storage is 
in a deaminated or phosphorylated form in the liver. The struptural organization of the amino acids 
into tissue and specialized protein substances is a dynamic process with constant buildup and break- 
down. Ptotein ^^^^ ^"^^^ carbohydrate or fat sources are unavailable. 

.14 ' 



lyiN^ Most of the ammonia is converted to urea, 

1 1 . Transamination is the tran$pur of an amino group from one compound to another. 

12. PKU is caused by a hereditary metabolic disorder which results in a buildup of phenylalanine in the 
body. 

13. The term '^essential" means that such amino acids cannot be synthesized by convention of other amino 
acids and are necessary to life processes. 

14. The protein in serum is reacted with an alkaline copper sulfate, in the presence of ethylenediaminetetra- 
acetic acid, to form a blue^violet complex (biuret reaction). 

15^ Protein is precipitated with sulfosalicylic acid after clearing the urine of phosphates with acetic acij. 

1 6. Trichloroacetic acid is less selective in the precipitation of albumin versus globulin. . 

17. 0. At low concentrations of protein^he biuret method lacks sensitivity. 
b. 1 5-45 nrig-% or less. * 

18. (1.5:1 to2.5:l). 

19. The globulin precipitates from solution because the serum-salt concentration which results (26.9%) 
causes the precipitation of that protein fraction conunonly identified as globulin. 

20. podium sulfite results in a more accurate and complete precipitation of globulin which agrees with 

electrophoretic patterns. Second, Na^SO^ is easier to work with because of its higher saturation 
level. , . ' 

2 1 . The use of 22.2 percent Na^ SO^ results in a lower globulin value and a higher albumin level due to 
precipitation of alpha globulins with the albumin. 

CHAPTER 4 

1 . Monosaccharides cannot be hydrolyzed into simple sugars. Disaccharides yield two molecules of a 
simple sugar upon hydrolysis. 

2. a. C H.O . 

n 2n n 

(C,H,„0,)„. y 

3. Dextrose is another name for d-glucose, a hexose . Dextrin is a polysaccharid^T^ 

4. Saccharides with the formula C^H ^ ^0^ are classified as hexoses. 

5. Gs and trans isomers are the results of geometrical configurations caused by some factor (such as 
double bond) which prevents free rotation of the atoms. 



ERIC 



15 



16[} 



a. Isomers are forms of the same substance which differ in atomic arrangement. 



b. Optical isomers meet the defmition of isomers and are additionally characterized by their rotation^ 

al effect on polarized light, 
c Polarized light is light energy which vibrates in only one plane. , 

The (d)+ form rotates polarized light to the right, whereas the (d)~ rotates polarized light tojhe left. 

Racemic mixtures internaUy compensate With respect to polarized light and. therefore, do not rotatt the 
plane of polarization. 

Carbohydrates are absorbed as monosaccharides. 

Glucose may be uscdVor energy by processes described as ^bic or anaerobic. In the former, glucose is 
oxidized to carbon dioxide and water. In anaerobic metabolism, the end product is lactic acid. In addi^ 
tion to energy production, glucose may be converted to glycogen, a form in which it is stojced. A third 
metabolic pathway for glucose would be its conversion io other carbohydrate or noncarbohydrate sub- v 
stances in the body. ■ 0 

A 

Glucose is stored principally in the liver as glycogen. 

The normal fasting true glucose level of blood is 70-100 mg-%. It is maintained by the cynairiic process 
of glucose formation and use under the action of factors such as insulin, adrenal and pituitary hormones 
and thyroxin. 

The half-hour level normally exceeds the fasting, but by less than 75 mg-%. The one^hour level should 
be less than the half-hour level and all urine specimens are negative for glucose. 

a. Diabetes mellitus is a disorder of metabolism directly caused by oancreatic malfunction and. hence 
low msulin levels. Primarily, the disease may be due to overap«Wty of the pituitary or adrenal glands. 

1^ liver disease, or various other causes. — — 

b. Diabetes insipidus is caused directly by pituitary disorders due to a tumor, injury, etc.. and is 
etiologically exclusive of glucose metabolism. 

c. Renal diabetes is characterized by glycosuria due to a low renal threshold for glucose. 

Gluthathione. uric acid, ascorbic acid, certain drugs, lactose, certain amino^acids. and many other reduc- 
ing substances. 

a. In the Folin-Wu method, a protein-free nitrate is heated with an alkaline copper solution. The 
cuprous oxide produced by the reaction of cupric hydroxide and glucose reduces phosphomolybdic 
acid to molybdenum blue. This blue color is compared with that of a glucose standard. 

b. No. 

Glucose oxidase converts glucose to gluconic acid and hydrogen peroxide. 

About 35 percent of blood glucose is present as alpha^D-glucose. arid hence a result from the action of 
glucose oxidase alone would be low by about one-third if not offset by other enzymes in the reducing 
reagent. " r 

A postprandial test is one performed after a meal. 
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20. 0. In a 2*hour postprandial, 

(1) conditions of the test, such as patient activity, are better controlled. 

(2) the carbohydrate intake is assured to be adequate. 

(3) subUe responses can be detected which may be a clinical necessity. 

(4) several results are better than one result. 

b. Glucose tolerance tests are: ' 

(1) time consuming for the laboratory. 

(2) clinically unnecessary when the postprandial is adequate. 
' (3) incovcnient for the patient. 

(4) expensive in terms of time and reagents. \ 

/ ' 

CHAPTERS 

(I 

1 . Enzymes control all of the chemical reactions of the body. 

2. Concentration of enzymes and substrate; temperature; pH, radiation, inhibitors; and time of activity. 

3. The activity of any enzyme varies directly with its concentration to a point at which further increase 
in enzyme produces no noticeable change in the speed of the reaction. 

4. A 1° fluctuation can introduce an enor of 10 percent plus or minus. 

5. The substrate is buffered. 

6. In addition to the probability of bacterial contamination of the specimen the transaminase may be 
damaged by radiant energy. 

7. Enzymes are sometimes named for the substrate or for the function they perform. 

8. Amylase catalyzes the reaction by which starch is hydrolyzed into maltose and dextrins. 

9. In the micro procedure, the effect of incubation is the sante as if 8,000 mg of starch had been incubated 
with 100 ml of serum for 30 minutes. A Canoway unit is based on incubating 10 mg of starch fot 30 
minutes. Hence, 8000/10 gives a factor of 800. 

10. It is impossible to say whether or not 250 units of amylase is normal unless the kind of units is specified. 

1 1 . Lipase activity results iii splitting of the glyceryl-fatty acid bond to liberate free fatty acids. 

12. Prostatitis or prostate involvement, usually carcinoma of the prostate. 

13. 0, Acid phosphatase— 4.9— 5.1. 

b, Alkahne phosphatase— 9.2— 9.7. 

14. Carcinoma of the breast. 
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15. (L Scrum is incubated with buffered glycerophosphate of a definite alkaline or acid pH for 1 hour at 

37^ C. The difference between inorganic phosphate before and after incubktion is a measure of 
phosphatase activity. * _ " 

6. Buffered p-nitrophenyl phosphate yields p-nitrophenol upon hydrolysis. The p-nitrophenyl becomes 
yellow upon the addition of NaOH and can be assayed spectrophotometrically. " 

16. The plasma is not suitable. Oxalates inhibit phosphatase activity. 

17. 0. For myocardial infraction. 
b. For liver disorders. 

18. This i^to be expected; SCOT values are nearly always higher than SGPT values on a particular patient 
except in cases of viral hepatitis. 

19. fl. LDH is very stable for 7 days, with refrigeration. , 

b, SCOT and SGPT, minimal effect. The serum specimen for LDH is unsuitable if any hemolysis is 
present. 

20. <L Senmi should be shipped at 0-4^ C. 

b. The result means that the senmi leucine amino peptidase level is 200 Goldbatg-Rutenburg units, 
which is on the upper limits of normal. Further interpretation is a matter for the physician. 
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1. MATCH ANSWER 2.USE NUMBER 
SHEET TO THIS PENCIL. 
EXERCISE NUM- 
BER. 

90411 02 22 

VOLUME REVIEW EXERQSE 



CarefuUy read the following: 
DO'S: 

1. Check the "course," "volume," and •*form" numbers from the answer sheet 
address tab against the "VRE answer sheet identification number" in the 
rightliiand column of the shipping list. If numbers do not match, take action 
to return the answer sheet and the shipping list to ECI inmiediately with a 
note of explanation. ^ 

2. Note that numerical sequence on answer sheet alternates across from x:olunm 
to column. 

3. Use only medium sharp #1 black lead pencil for marking answer sheet 

4. Circle the correct answer in this test booklet. After you are sure of your 
ans>yers, transfer them to the answer sheet. If you have to change an answer 
on the answer sheet, be sure that the erasure is complete, Use a clean eraser. 
But try tO' avoid any erasure on the answer sheet if at all possible. 

5. Take action to return entire answer sheet to ECI. 

6. Keep Volume Review Exercise booklet for review and reference. 

7. 'If mandatorily enrolled student, process questions or Comments through your 

unit trainer or OJT supervisor. 

If voluntarily enrolled student, send questions or comments to ECI* on ECI 
Form 17. 

DONTS: 

1. Don't use answer sheets other than one furnished specifically for each review 
exercise. 

2. Don't mark on the answer sheet except to fill in markmg blocks. Double 
marks or excessive markings which overflow' marking blocfo will register as 
errors. . 

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet 

4. Don't use ink or any marking other than with a #1 black lead pencil 

NOTE: TEXT PAGE REFERENCES ARE USED ON THE VOLUME 
REVIEW EXERCISE. In parenthesis after each item number on the VRE 
is the Text Page Number where the answer to that item can be located. 
When answering the items on the VRE, refer teethe Text Pages indicated 
by these Numbers. The VRE results will be sent to you on a postcard 
which will list the actual VRE items you missed. Go to the VRE booklet 
and locate the Text Page Numbers for the items missed. Go to the text and 
carefully review the areas covered by these references. Review the entire 
VRE again before you take the closed-book Course Examination. 
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Multiple Choice ' 

1. (001) It is clinically important to maintain the pH of blood within the range of 

a. 6.80 to 7.20. c. 7,35 to 7.45. 

b. 7.20 to 7.35. d. 7.40 to 7.55. 

2. (002) Cibbs-Donnan equilibrium is best expressed as the 

a. balanced system maintained between equally distributed ions. 

b. balance, maintained between diffusible and nondiffusible components, 

c. exchange of materials across a cell membrane which is superpermeable in nature. 

d. balanced system of unequally distributed ions separated by a permeable membrane. 

3. (003) The concenUation of electrolytes in plasma may not change appreciably if their loss from the 
plasma is accompanied by a concomitant loss of 

a, ionic concentration, c. intracellular fluid, 

b. extracellular fluid. d, cellular components. 

4. (003-004) In the presence of a nondiffusible protein anion, the concentration of the diffusible sodium 
cation is • | 

a. less than the diffusible chloride anion. c. greater than the diffusible chloride anion. 

b. the same as the diffusible chloride anion. d, less than the nondiffusible protein. 

5. (005) Which of the following ratios is maintained in one of the blood buffer systems? 

a, 1 :20 of bicarbonate to carbonic acid, c. 1 :20 of carbon dioxide to carbonic acid. 

b, 20:1 of carbonic acid to bicarbonate. d. 20:1 of bicarbonate to carbonic acid. 

6. (006-007) A patient with an abnormal pCO^ (respiratory involvement) should have his acid-base 
problem evaluated on the basis of all of the following except 

a. CO^ combining power. ^ c. pCO^ . 

b. CO^ content. d, pH. 

7. (007) The purpose of the chloride shift is to 

a. assess acid-base equilibrium. c, assess the blood-buffering capacity. 

b. maintain electrical neutraHty. d. change the ratio of carbonic acid in the plastna. 

8. (008) The standard electrode upon which all others are based is the 

a. calomeL c. glass. 

b. quinhydrone. d. hydrogen. . © 

9. (009) A common clinical symptom of calcium deficiency is 

-J 

a. tetanus. c. hyperparathyroidism. 

ii( tetany. d. hypokalemia. 
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10. (010) The scrum level of phosphorus is closely associated with 



a. arsenate. 

b. silicate. 



c. calcium. 

d. sulfate. 



11. (Oil) If a whole blood specimen is allowed to remain at room temperature for 3 hours, the serum 
phosphorus level will be 



if. significantly increased, 
b. slightly increased. 

1 2. (01 2) The gallbladder empties into the 



c. decreased. 

d. QOt appreciably affected. 



a. jejunum, 
c. duodenum. 



c. ileum. 

d. cecum. 



j 3. (01 3^ Which of the following is not found in the feces of a normal healthy individual? 



a. Mesobilinogen. 

b. Stercobilinogen. 



c. Urobilinogen. 

d. Bilifuhiiii^ 

14. (014) In complete extrahepatic obstruction, you would expecy^n increase in 

^ a. direct and indirect serum bilirubin. c. direct reacting serum bilirubin only, 

b. urine urobilinogen. d. intestinal bile. 



15. (014) Cholesterol is a sterol/characterized by the cyclic structure of the 



a. open^hain. 

b. phcrfanthrcnc ring. 



c. double bond. 

d. tetracyclic ring. 



16. (014) what percent of the cholesterol in the body is in the form of esters? 



a. 25 percent. 

b. 50 percent 



c 55 percent^ 
d. 75 percent. 



17. (015) Direct bilirubin can be distinguished from indirect by adding 



a. sulfuric acid. 

b. sodium carbonate. 

18. (01 6) A bilirubin standard should not be stored 

a. in a lighted room. 

b. at 5° C. 



c. alcohol. 

d. acetic anhydride.- 



c. at 0° C. 

d. in the dark. 
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19. (01 6) An explosion may result if water or wet glassware comes in contact with 

a. concentrated sulfuric acid. p. acetic anhydride. 

b. caustic soda. d. glacial acetic acid. - 

In'lJtSle'?"' """^^''^ ^ ^•y-"^ "PO" the addition of 

a. extravasation. * ^ «r-^«i*«*j 

. b. esterificaUon. c. preap Ution. 

d. saponification. 

Eol?^ unil^'* '"'"''"'^ ^'^"'^^'^ -'"'^ °f ^ 0962111 standard wiU cause results 

a. one-half those given in AFM 16(M9.. c. the same as those given in AFM 16(M9 

b. twice those given in AFM 16(M9. d. unrelated to thos^ven in AFM 16^9. " 

22. (018) For every kilogram of body weight, the amount of BSP dye to inject is . 

\ \ . c. 1 ml of 5 percent. 

d. 5 nJ of 5 percent. 

23. (0 J 9rThe general formula for an alpha amino acid is 

!• ^-^i5J!"2)-COOH. , c.(CH3),N0H. 

b. CH3CHO. d. ROH. 

24. (020)^ One example of a nmpfe protein is 

a. mucoprotein. . ' " phosphoprotein. 

d. hemoglobin. ° 

25. (020) In an optimal salt concentration at its isoelectric point, a specr.c protein fraction will 

^™8rate. ' c. denature. 

b. fractionate. d. precipitate. 

26. (020) What enzyme breaks down proteins in the stomach? 

Peptidase. , p,p^ 

''•Amylase. . d. Trypsin. 

27. (021) How many essential amino acids are there? 

a. 4. 

b. 8. 



c. 18. 

d. 20. 



28. (021) A nucleic acid associated withYactors of hereditary control is 
a. DNA. „ 
t^- d. RNA. 
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29. (022) In the biuret reaction, protein is reacted with alkaline 

a. sodium sulfate. c. copper sulfite. 

b. sodium sulfite. d. copper sulfate. * 

30. (022) The ftndy test for CSF globulin is best described as 

a. unreliable. c. acceptable. 

b. unstable. d. desirable. 

3 1 . (023) Which of the following represents the range of normal A/G ratios? 

a. 1:2 to 1.5:2. c. 15:1 to 2.5:1. 

b. 1.2:2 to 1.8:2. ' d. 1.2:1 to 2.8:1. 

32. (023) The normal value for total protein per 1 00 ml of serum is 

a. 4 to 6 mg. c. 4 to 6 g. 

^ b. 6to8mg. d. 6toSg. 

33. (023-024) In a total protein procedure, you use 0.4 ml of serum and 9.6 ml of 28 percent sodium 
sulfite. What is the percent concentration of sodium sulfite in the serum sulfite mixture? 

a. 9.6 percent. " c. 26.9 percent. 

b. 23.5 percent. d. 28 percent. 

34. (024) The molecular weight of hemoglobin in atomic mass units is 

a. 6,450 amu» c. 64,500 amu. 

b. 10,000 amu. d. 100,000 amu. 

35. (02^) Monosaccharides differ from disaccharides in that the monosaccharides 

^. are classified according to the number of carbon atoms they contain. 

b. yield two molecules of a simple sugar upon hydrolysis. 

c. became polysaccharides upon hydrolysis. 

d. do not hydrolyze into other sugars. 

36. (025^026) Gliftose is also called 

a. dextrose. c. dextran. 

b. dextrin. d. by all of the above names. 

37. (026-027) The two common forms of stereoisomerism are 

a. due to their structural atomic arrangement. c. due to double bond and structural arrangement. 

b. geometric and optical. d. mirror.images of each other. 
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38. (027-028) Polarized light is defined as light which ' 

a. passes through a crystal. c. vibrates iit'only one plane. ^ 

b. consists exclusively of ultraviolet rays. d. corrAl^es with optical rotati&n. 

39. (028) In what chemical form are carbohydrates absorbed in tjie intestine?, ^ 

« 

a. Polysaccharides. Glyceraldehyde. 

b. Disaccharides. . d. Monosaccharides. 

40. (028-029) Glycolysis takes place ^ 

a. only in the liver. ^. in both the liver and in the muscle. 

b. only in the muscle. ' d. in neither the muscle nor in the liver. 

41 . (029) What term may be used to designate the series of steps involved in the aerobic metabolism of 
glusQse? 

a. The'Krebs cycle. c. The TCA cycle. 

b. The citric acid cycle. ' d. Any oT the preceding terms may be used. 
42! (029) The true glucose level of blood is 

a. 60 to 80 mg-%. c. 80 to 120 mg-%. 

b. 70to 100 mg-%.. d. 90 to 130 mg-%: 

43*. (030) As applied to the measurement of blood glucose, the Folin-Wu procedure is 

a. generally unacceptable. c. generally ecror-free. 

b. the best method to use. d. too specific. 

44. (031) In the glucose oxidase procedure, glucose Is converted to gluconic acid and . ^ 

a. hydrogeh peroxide. c. peroxidase.* 

b. water. d. o-dianisidine. 

45. (031) In the Somogyi-Nelson true glucose procedure, alkaline copper solution is heated with a specimen 
filtrate which 

a. reduces cupric o^ide. c. reduces cupric hydroxide. 

^ ^b, reduces zinc hydroxide- ^ . d. oxidizes arsenomolybdate. 

46. (032) The so-called PMS reagent for determining glucose contains a solution of 

a. phenol in methyl jsalicylate, c. phenylphthalein in methanol. 

b. phenol in methyl cellusolve. , d. phenol, methanol, and salicylic acid. 

47. (034) Enzymes are best described as 

a. phospholipids. c. mucoproteins. 

b. biocatalysts. ' d. nucleoprotelns. 
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48. (035) A curve of enzyme activity plotted versus enzyme concentration is usually 

a. nonlinear. ^ c. a graphic direct proportion. ' * 

b. elliptical. d. cardioid. ^ 

49. (035) The activity of ah enzyme will approximately double for every temperature increase on the 
centigrade scale of 

a. 1 . * . c. 5 . . . 

b. 2^ d. lO^ 

50. (1)3^) Time of enzyme activity determines the 

a. amount of enzyme used. ^ ' c. clinical value of the result. 

b. amount of substrate converted: d. substrate concentration. 

51. (037) If hemolyzed serum is used, lipase values are ^ ^ 

' a. elevated significantly. ^ c. decreased. 

b- elevated slightly. d. not appreciably affected. 

52. (038) In the'shinowara, Jones, and Reinhart method f<^r alkaline phosphatase, the serum is incubated 
witB buffered 

a. glycerophosphate. . c. phosphatase. 

b, phospholipid. - d, nitrophosphate. ^ 

53. (038) In the reaction alpha-ketpglutarate + L-Asparate glutamatf + oxalacetate, the catalyzing 
enzyme is • -t^, 

a. SCOT. c. LDH. 

b .SGPT. d. G-6-PD. 

54. (039) If stored at 4"* C, leucine amino-peptidase (LAP) is stable in urine for approxiniately 

a. Uhour. c. 7 days. 

b. 12 to 24 hours. ^ . d. 30 days. 

55. (040) Trypsin leveb are usually dettrmined from contents obtained from the 

a. mouth. - c. pancreas. 

b. stomach. d. intestinal tract.^ 

56!^ (040) Glucose~-6-phosph^e dehydrogenase is found principally in ^ 

a. red blood cells. ^ c. urine. ^ 

b. $erum. d. cerebrospinal fluid. 

5 ^ ; - 

57. (040-04 1 ) Ornithine carbamyl transferase (OCT) dccurs almost exclusively in cells of 

a. heart tissue. • ' c. striated hiuscfe. 

b. liver tissue. d. smooth mustle. 
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Preface 



BEFORE BEGINNING this volume you must have completed Volumes 1 
and 2 of Career 'Development Course 90411. In the first two volumes you 
studied general principles related to clinical chemistry and several fundamental 
categories of routine laboratory tests. 

In the present volume we will continue very, much in the same way as in 
Volume 2. That is. categories of laboratory tests will be described with regard 
to physiological and chemical principles: The significant difference between 
Volume 2 and Volume 3 is that Volume 3 Jncludes procedures which are 
performed more frequently in large facilities than in laboratories of Class C or 
below. 

Chapter 1 of Volume 3 consists of two sections: "Retention and Excretion 
Tests" and "Clearance and Concentration — Dilution Tests." Considerable attention 
is devoted to the calculations involved in the various types of clearance tests. 
Jn^'Chapter t, the subject of gastric analysis is discussed, which is somewhat 
unique in terms of the specimen involved and its rclationsKip (or lack of it), to 
, other areas of clinical chemistry. After this brief chapter, we discuss the more 
'complicated special chemistry tests. 

There arc two sections in Chapter 3; the first is entitled '^Referral Chemistries," 
and includes chromatography, electrophoresis, and other tests generally performed 
only by consultant centers. The second part of Chapter 3, Section 6 of the 
volume, is a treatment of hormones. 

Concluding this volume is a chapter concerned with toxicology from the 
standpoint of both the Class A laboratory and the snxallcr hospital laboratory. 

If you have questions on the accuracy or currency of the subject matter of 
this text, or recommendations for its improvement, send them to Med Svc Sch 
(MSSTW/120)' Shcppard AFB TX 7631 1. 

If you have questions on course enrollment or administration, or on any of 
^^'H^'s 'instructional aids (Your Key to Career Development, Study Reference 
Guides, Chapter Review Exercises, Volume Review Exercise, and Course Exami- 
nation), consult your education officer, training officer, or NCO, as appropriate. 
If he can't answer your questions, send them to ECI, Gunter AFB, Alabama 
36114, preferably on ECI Form 17, Student Request for Assistance. 



This^ volume is valued at 36 hours (12 points). * 
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CHAPTER 1 



Kidney Function Tests 



IT IS THE purpose of a kidney function test 
to evaluate one or possibly more of the fol- 
lowing kidney functions: ^ (1) maintenance of 
acid-base and electrolyte balance, (2) excretiod 
of waste products of metabolism, (3) mainte- 
nance of osmotic equilibrium, and (4) excretion 
of foreign substances, e.g., dyes, poisons or drugs. 
To properly evaluate the functions of the kidney, 
you must understand its anatomy and physiology. 
As will be described in greater detail in Volume 
4, the functional unit of the kidney is the 
nephron unit, which is composed of the glomeru- 
lus and accompanying tubules. This unit selec- 
tively filters the blood which passes through it in 
order to eliminate or retain certain substances in 
the blood. At the same time, selective reabsorp- 
tion and secretory activity occun in the tubules, 
including retention of most of the water which 
passes through the nephron unit. 

2. The ability of the kidneys to function prop- 
erly depends upon three major facton. They are 
( 1) the rate of renal blood flow, (2) the ^ctivity 
of the kidney tubules, and (3) the rate ahd^ref- 
ficiency of glomerular filtration. Accordhigly, kid- 
ney function tests are sometimes classified to pro- 
vide an indication as to the site of impaired 
kidney function. For example, a dye excretion 
test is valuable in measuring renal blood flow. 
Activity of the tubules can be measured witii con- 
centration and dilution tests, while the glomerular 
filtration rate can be evaluated by clearance tests. 
In addition to ordering a test to determine the 
origin or extent of kidney disorders, the physician 
may be interested in avoiding clinical problems 
which arise from kidney malfunction. These prob- 
lems include a buildup of urea and other waste 
products in the bloodj the concentration of which 
must be determined. 

3. For the ainount of time and effort required, 
few tests provide clinical information as definitive 
as kidney function tests. The tests which are most 
Commonly performed in U.S. Air Force medica#§ 
facilities are described in the following paragraphs. 
No attempt has been made to classify them ac- 
cording to a particular function of the kidney 



(e.g., tubular secretion) since some testis measure 
more than one function. You should be aware 
of the nature of kidney function tests from the 
standpoint of purpose, principle, and procedure. 
Four categories of kidney function tests which 
are of particular interest to the clinical laboratory 
are clearance tests, excretion tests, concentration- 
dilution tests, and retention tests. 

1. Retention and Excretion Tests' 

1-1. Retention tests are a measurement of 
blood levels of such constituents as urea nitrogen 
to determine the extent to which they are being 
retained by the kidney. If, we are trying to de- 
termine whether a substance is being eUminated 
from the blood, we perform an excretion testj 
For example, tiie PSP test is based on tiie excre- 
tion of a foreign substance (dye) by the kidney. 

1-2. Urea Nttrogeo. The blood jurea nitrogen 
(BUN) test has almost completely replaced the 
test for nonprotein nitrogen (NPN) in most Air 
Force laboratories. This is a very common and 
exUemely important laboratory procedure, but 
not necessarily a shnple one. There are signifi- 
cant sources of error which can invalidate the 
results, especially if a good quality control pro- 
"^m is not in effect In the method of Gentzkow 
and Masen oUtiined in AFM 160-49, Laboratory 
Procedures in Clinical Chemistry and Urinalysis, 
urea in the specimen is hydrolyzed to ammonium 
carbonate by the enzyme urease and the pro- 
tein is precipitate! The hydrolysis of urea may be 
illustrated as follows. 



Urea 



urease 01*v, 

y. 

Carbonic Acid 



the ammonium carbonate produced is then 
nesslerized and compared with a suitable stand- 
ard. Nessler's reagent is made up of the follow- 
ing reagents: ^ 

Mercuric ipdide (Hgl») 45.5 g. 

Potassium iodide (Klf 34.9 g. 

Potassium hydroxide (KOH), 10 M . 200.0 ml. 

D^^ed water— q.s. to 1000.0 ml. 
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The primary difficulty with this procedure is color 
stability. Hence, somcr advantage may be gained 
by using a commercially prepared Nesslcr's rea- 
gent. The urease is easily prepared by suspend- 
ing 1 g. of urease in 7 ml. of distilled water 
and adding Tml. of glycerin. The glycerin should 
come from a nonmetal container to avoid pos- 
sible deactivation of the enzyme. The urease is 
usually stable but does become quite easily con- 
taminated with mold. Commercial urease sus- 
- -pensions usually contain some type of mold in- 
hibitor. Unsuitable urease can result in falsely 
decreased urea nitrog^^ vahies, as can unsuitable 
Nessler's reagent. 

1-3. In the procedure for a BUN. the blood 
specimen is incubated with a few dropy^of urease 
suspension per milliliter of blood. It is obvious 
that ammoniilm oxalate must not be used as the*^ 
anticoagulant for a BUN. It is convenient to use ' 
the same tube of blood for both BUN and glu- 
cose, as these two determinations are oTten re- 
^ quested simultaneously. The fact that blood col- 
lection tubes used for glucose may contain sodium 
fluoride should not interfere with the activity of 
urease. The fluoride concentration recommended 
is 1 to 2 mg. of sodium fluoride per milliliter 
of whole blood. This is sufficient to prevent the 
disappearance of glucose, but will not interfere 
with the subsequent use of urease. It has been 
reported that it would require 10 to 20 times that 
anjount of fluoride to interfere with urease. t)f 
course, if the blood is not to be used for glu- 
cose, there is no need to add the fluoride. 

1-4. The time of incubation varies with the 
modification of method. Twenty minutes at room 
temperature or 15 minutes at 37° C. is quite 
adequate. Temperature is not critical, since thi§ is 
a matter of complete conversion rather than a 
measurement of enzyme activity. ,The protein is 
then precipitated and the filtrate or centrifugate is 
reacted with Nessler's reagent. Sodium polyan- 
etholsulfonate (SPS) is added as a color stabilizer, 
although 15 percent sodium citrate is reported to 
Junction as well or better in this capacity. The 
^ate at which the Nesslerls reagent is added and 
the length of time the cojbr development mixture 
is allowed to stand before reading depends upon 
the activity of the specific Nessler's reagent a 
laboratory uses. This is not the type of procedure 
which lends itself to the use of a prepared curve 
unless commercially prepared reagents are used 
and special care is taken, since optical density 
readings of the standard arc likely to vary with 
technique and reagents. High readings require 
r^etition of thd procedure by dilution of the pro- 
teih free filtrate (PFF). The greatest problem is 
in securing high values which are within con- 
fidence limits. In fact, BUN values above 45 
nig-% ar^not possible with some types of 



Ncssler's reagent unless a dilution factor is ap- 
plied. 

1-5. Elevated urea nitrogen values arc found 
ill conditions associated with impaired renal func- 
tion, particularly cTironic nephritis. Cases of acute 
nephritis, cvdiac failure, prostatic obstruCtfon, 
and intestinal obstruction may also cause the 
urea nitrogen to be elevated. Lowered urea nitro- 
gen results may be encountered in impaired liver 
function and certain other conditiqns. The 
laboratory area m whiclrBUN procedures arc per- 
formed should be free of ammonia fumes^ be- 
cause ammonia will elevate test results. Nessler's 
reagent must be kept away from the active urease 
suspension to avoid contamination of the urease 
before it has been allowed to catalyze the hy- 
drolysis of urea. A Somogyi^ (zinc hydroxide) 
filtrate is considered the filtrate of choice, as it 
does not yield substances which produce interfer- 
ing colors ujwn nessl^rization. The error intro- 
duced by use of a tungstic acid filtrate, as sug- 
gested in AFM 160-^9, may be of at least minor 
significance. The prei^nce^of reducing substances, 
including acetone, in the patient's scrum can in- 
terfere by causing turbidity upon nesslerization. 
This is probably due to the formation, of mer- 
curous compounds from the mercury salts. Vari- 
ous techniques to remedy the occurrence of 
turbidity may be found in standard textbooks of 
clinical biochemical procedures. The normal 
range for a blood urea nitrogen is 10 to^l8 mg. 
per 100 ml. of whole blood, serum, or plasma. - 
1-6. Other urea nitrogen procedures may be 
used. The reaction between ammonia and vari- 
ous color development mixtures other than mer- 
curic iodide may be used by some laboratories. 
One method uses silver manganese nitrate for 
rplor development. Another procedure used with' 
the autoanaiyzer depends upon the dissociation of 
indophenol to produce a blue color. In prin- 
ciple, this is actually one of the earliestu"eactions 
for the assay of ammoniia, hiving been originally 
described by Berthelot in 1859. Steps of the 
Berthelot reaction have been modified for pres- 
ent-day use, however. In addition to the pro- ^ 
cedures described, there are many other methods 
described in current literature. One of the pro- 
cedures widely used and available as a stable 
commercial reagent consists of 2, 3, butanedione 
(diacetyl) monoxime in a buffered ^osphate 
solution. This method is currently recommended 
for use in autoanalyzcr methodology. ''Various 
methods available diffc4^ basically in that some 
measure ammonia and others measure urea di- 
rectly. 

,^>vJ-7. Uric Acid, Occuri;ing as the end product 
of>urine metabolism, uric acid (CiHiNiO:,) is 
a component of the total nonprotein nitrogen of 
the body. However, the blood uric acid level does 
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not relate directly to the NPN level. Uric acid 
is normally excreted in the urine. The blood 
plasma level of uric acid depends upon both its 
rate of formation and the rate at which the 
kidiieys are able to eliminate uric acid. Hence, 
elevated plasma uric acid levels are usually^ due 
to overproduction, decreased destruction, or de- 
. creased excretion. Diseases which contribute to 
one or more of these factors and which result 
in elevated levels include renal disorders, blood 
dyscrasias, lead poisoning, liver disease, and gout. 
Gout is a metabolic disease involving purine 
metabolism characterized by marked inflammation 
of the joints. The plasma uric acid level may rise 
to 10 or 15 mg-% during the acute phase of 
gout. Levels near the upper limit of normal, i.e. 
6 to 8 mg-%, may be partieularly difficult to 
interpret in view of technical difficulties some- 
times encountered wrth the uric acid procedure. 
A quality control program is very helpful in this 
regard. Decreased values are of no known 
significance. 

j-8. One of the most common procedures 
(Henry, et al.), for the determination of uric acid 
is as follows: Hexavalent phosphotungstic acid 
is reduced by uric acid to a lower talenUe in 
alkaline, solution with the formation of a blue 
color. Sodium cafbonate may be used as the 
source of alkali. The phosphotungstic acid rea- 
gent should be prepared in the follo>Ving manner 
which differs from the method in AFM 160—49 
before the 1967 revision. 

Sodium lungstatc (Na.^WO^). R.G. 40 g. 

Phosphoric acid (Hj^POJ, 85 percent 32 ml. 

Lithium sulfate (Li^SO^ # H.O) ' 32 g. 

Distilled water — q.s? to 1000 ml. 

Dissolve the sodium tungstate in 300 ml. of 
distilled water in a reflux flask and add the phos- 
' phoric acid. Add several glass ^ beads and reflux 
gently for 2 hours. Cool to roo^nytempcrature, and 
q.s. to 1000 ml. with distilled [u^attr. Add the 
lithium sulfate. Note: Refluxing is an essential part 
of reagent preparation. ^ 

Incorrect preparation of phosphotungstic 'acid 
reagent will probably result in turbidity of the 
color development mixture. Serum is the pfQ- 
ferrcd specimen for analysis as it lacks the non- 
uric acid cdnstituentjS and color-producing agents 
that may be found m whole blood. Normal va|ues 
range from 4 to (J mg. per 100 ml. serum. De- 
termination of ur/ne uric acid levels is of little 
practical importance, because the urine uric acid 
level vafies with^the intake ol nucleoproteins. 

1-9. Creatinine. One of the nonprotein con- 
stituents of mood, creatinine is also known 
chemically a/ methylglycocyamidinc, C^HiONa. 
An elevatior^*^ in the serum creatinine level may 
occur as a /concomitant/ condition whenever the 
blood ure2^/fevel is increased. This would be a 



likely occurrence in nephritis, urinary obstruction 
or suppression, cardiac decompensation, and in- 
testinal obstruction. The assay of creatinine is 
of particular value when it is performed as a 
clearance test which will be discussed in ii 
following {Paragraph. A widely accepted chemical 
procedure involves the Jaffe reaction. The creati- 
nine in a PFF reacts with picric acid in an alka- 
line solution to form creatinine picrate which is 
a yellow to red color. A tungstic acid filtrate is 
suitable. There arc a few precautions which must 
be observed. The specimen (serum or urine ) 
should not contain dyes, e.g.. PSP or BSP. Thymol 
and toluene are suitable urinary preservatives, but 
acids a^d alkalis must n6t be used because they 
convert creatine to creatinine. Be careful nof to 
confuse creatinine with creatine. Creatine is de- 
scribed in a paragraph below. 

1-lU. Ihe color, development mixture should 
be read at room temperature becmise heat causes 
a deviation' from Beer's law. Anofher precaution 
to be obsemd in addition to those already men- 
tioned is in regard to the explosive nature of 
alkaline picrate. For this reason, alkaline picrate 
must not be heated in a dry-air oven to dehy- 
drate it or for any other purpose. Alkalin^ picrate 
reagent is quite stable at room temperature if it 
is protected from light. It stains- clothing and other 
objects and should, therefore, ^be handled care-' 
fully. The normal serum creatinine level is 1 to 
2 mg'. per 100 ml. of serum. It is current practice 
to apply a coefficient factor to creatinine deter- 
minations to allow for differences in bod^ weight. 

1-11. Crcatij;c. Creatine is described chemi- 
cally as methylglyc'ocyamine NH : C (NH-) N — 
(CH:i) CHjCOOH. Unlike creatinine, creatine is 
not a waste product of metabolism, but is derived 
from glycine, arginine. and methionine. Creatine 
functions in muscle contraction in the form of 
phosphocreatine. Creatine is assayed. from urine 
by measuring an increase in creatinine concqn- 
tration upon hydrolysis, and applying a con< 
version factor for differences in molecular weight. 
Hydrolysis is accjomplished with the addition ol 
acid and application of heat to the specimen b> 
autoclaving. Increased values ai^ fouhd in fever, 
malnutrition, pregnancy, and diseases assoeiatexl ^ 
with muscular weakness. Creatine normals are as 
follows. 

Urirte: 0 to 200 mg. creatine excreted per 24-hour 

* specimen. 
Blood: 3 to 7 mg. per 100 m.1. whole blood. 

formal values for creatine* are somewhat con- 
troversial, particularly since as much as \0 to M) 
percent of the urinary creatine may be converted 
to creatinine in the bladder.' , 



/7f 



ERIC 



r 



1-12 PSP Excreaon Test. Phenolsulfonphthal- 
ein (PSP. phenol red) is a dye ^hicli is read, y 
removed from the blood and excreted by the nor- 
healthy kidney. Most of the dye .s secreted 
by the kidney tubules while a lesser amoun 

?s' filtered by the g'-""'^^,^^" ^"^,^re o 
excreted by the liver into the b.le. TTie a e o 
excretion of PSP depends also on the state of 
cSi blood flow. The amount of dye excreted .s^ 
-therefore, an indication of the excretory , state 
of the kidneys, especially the tubules. 

1-13 PSP dye is supplied through medica 
supply channels in ampules f "'a'"";^ ^p-^li- ° 
dye, which is equivalent to 6 mg. of PSP- "is 
dye is transferred aseplicaily to a sterde synnge 
and injected intravenously by a Phys'Cian- The 
laboratory technician frequenUy draws^ the dye 
in^ a syringe for use by \he physician. It .s good 
ascDtic technique to attach a new sterile needle 
a ter th dye has been drawn into the syringe 
the ampule a.d after air has been "P^Med 
from the syringe. It is also good aseptic tech"^^^^^^^^^ 
to leave the protective sheath on the needle rathe 
than place the sterile needle on a pad of cotton or 
gauze soaked with tietiiterile>lcohol. A potential 
Lurce of error in this test is injecting too much 
dyo and introducing ao error in calculations. This 
- is linlikely, however, since one would not nor- 
mally use more than one ^mpule of dye per 
Lent The patient should drink water before 
T test. Whether the -patient's bladder is empty 
or not at the beginning of the test P^'^"^ 
larly significant. Time of injection is noted and 
he patLt is asked to ^pty his bladder com- 
pretely at periods of exactly 15 minutes, 30 
Stes, 1 hour, and 2 hours after injection of 
The dy. Collect and label all four specimens wuh^ 
he time of collection and volume of each speS-^ 
! n Patients sht^uld be instructed not to discard 
r„y urine and should be provided with a con- 
tainer of adequate size or two regular sizejrine , 
bottles. It is also advisable to note he volume 
on the report submitted to the physician^ Turbid 
udne should be centrifuged or filtered before 
Droceeding to the^'^lysis. 
^Tl4 The entireVolume in each container 
may be transferred to correspondingly labeled 
T L flasks and alkalized with 3 ml. of 4/V 
* NaOH afto q.s.'d with water. An alternate pro- 
Xe I tolansfer 1 percent of the unne vol- 
ume to a flask and, add 1 ml. of^J P"'=f"' 
NaOH followed by sufficient water t6 bring, the 
volum^tolOmKLually.whatthisam^^^^^^^^^ 
i, reducing the volume iof specimen by a factor 
VTZ then reducing the dilution by a^- 
tor of 100. Either procedure accomplishes the 



same result. Tl^e normality of the NaOH need 
not be exact. Each specimen is then read in a 
spectrophotometer and compared with a standard 
o? prepared graph. There' is usually no signifi- 
cant variation in readings of the standard; and 
it is therefore, quite acceptable to prepare a 
curv; as outlined' in AFM 160-49. The color 
is stable and there are only a few technu:al pre- 
cautions to observe. First, the test should not be 
run within 24 hours of a BSP test because^f 
. slight inter^ffcnce. Second, bile and hemog^pb^" 
interfere. buTeither may be extracted frooi the 
urine with a zinc acetate-methanol mixture. Nor- 
mal kidneys excrete at least 25 Percent of the 
dye in \ 5 minutes and a total of at least 65 per- 
cent of the dye in 2 hours.^J-he percentage of 
dye should diminish with each successive urine 
specimen and. of course, should not total more 
than 100 percent for all three specimens. 



2. X:|eardnce and Concentration- 
Dilution Tests 

2-1. Calculations are presented in this section 
for expressing clearance in various ways. Wr as- 
sume that you arc capable of performing and 
acJuratelsML^^'ating all of the tests mentioned. 
WUh rcli?Sftf<>r'"a"°" provided by the labora- 
tory th? physician is better able to diagnose 
and treat diseases which weigh heavily as far as 
the health and even the life of the patient arc 
concerned. Clearance tests are designed primarily 
to measure the efiiciency with which the kidney 
removes certain substances from the blood The 
most comm6n clearance tests employed in clinical 
diagnosis are the urea clearance and creatinine 
clearance tests. /hese techniques are used to 
evaluate kidney function by establishmg a re- 
lationship" between the rate of 
test substance and the con./entration of that sub- 
stance in the blood or plasma. Cpncentration- 
-dSn tests measurel^he capacity of the k.d„ey 
tubules to maintain tbe specific g^^'ty of urine 
within physiologically acceptable limits. The nor 
: specific.gravity of a random uride s^cimen is 
1.003 to 1.030, and the normal specific gravity 
for a 24-hour urine specimeA is 1.015 to 1.025. 

2-2 Urea Clearance Test. In the urea clearance 
test urea concentration of a diluted urine speci- 
men when compared to the blood urea conccn- 
t ation is used as'an index of the ability o the 
Sney's to remove nitrogenous subs.nccs from 
the biood. Although there iS no need for e abo 
rate preparation of the patient, a prescribed pat- 
' e n should be^-followed to insure meaningful re- 
s2 The patient need not fast, provided the meal 



is a 



t 



is light. Diuretics such as coffee and tea must be 
avoided, as should vigorous exercise. Other de- 
tails of the test may vary, with one possible rou- 
tine described as follows. The patient is allowed 
about 20 minutes to drink 2 to 3 glasses of water. 
Ij^ is then allowed an additional half-hour to rest. 
At-thc end of the rest period, which may be 
extenUed, the patient completely empties his 
bladder and a clock timer is set for 30 minutes. 
At the end of exacdy 30 minutes, blood and 
urine specimens are collected and the specimens 
are labeled. All of the urine is collected with com- 
plete emptying of the bladder and the clock is 
again set for 30 minutes. The patient drinks an- 
other glass of water. At the end of the second 
30-minute interval, the patient again voids and 
collects all of his urine. Practically any given time 
interval may be used for this test The urine vol- 
umes are then measured and the millilitecs voided 
per minute are calculated based on the time in- 
terval of collection. 



ml./min. = 



volume of urine 
30 mill. 



Aliquots of the urine specimens arc diluted ac- 
cording to table 1. The urea nitrogen levels of 
the blood and diluted urine specimens arc de- 
^jupJI^rmined by a reliable procedure, as described 
aboye. 

• 2-3. Urea clearance depends upon the rate of 
urine fomiationc Since this is the case, correction 
factors may be included in calculating the' dilu- 
tion which will truly put the urine urea back into 
its onginal blood volume.' A dilution table whicli 
compensates foj variations in volume ^of urine 
output per minute as shown in table 1 may be 
used. It may not be apparent to you that the 
dilufioYi table shown in table 1 as well as in 
AFM 160-49 is a 1:10 dilution of urine. Values 
reflect compensation for varj^tioris in urine out- 
put which would otherwise result in values in- 
consistent with the usual concept of clearance. 
If 1 ml. of this diluted urine is brought to a fmal 
volume of 10 ml. in \hw reaction mixture, the 
overall or final dilution of urine is ^4: 100. Con- 
sequently, the blood urea nitrogen procedure 
would also have to incorpo^te a 1:100 final di- 
lution or allow for it mathematically. Most pro- 
cedures call for 1 ml. o^ a 1:10 PFF brought 
to a finaf mixture volume odO ml. to result in 
a 1:100 dilution of blood. A second correction 
factor, labeled (K) in table 2, is used for varia- 
tions in body size.. Using the tables referred* to, 
clearance is calculated for g^h urine specimen 
according to the formula shown below. Results 
of both specimens should rail within the same 
general range for the test to be valid. 



percent clearance = ^ x 100 

D 

U = urine urea nitrogen level 
B = BUN level of a correspondins 
volume of blood 

This is referred to as average nonnal clearance, 

2-4. Problem Situation No. 1 : A patient col- 
lects 60 ml. of urine wit^iin a 1-hour time interval. 
To what final volume would you flilote 1 ml. of 
this urine if you were performing an average 
normal urea clearance test? ^ 

2-5. Problem Situation No. 2: A child 5 feet 
in height produces 60 ml. of urine within a 1-hpur 
time interval. Determine the volume of urine per 
minute in milliliters corrected for body size. 

2-6. Solution to Problem Situation No. 1 :' 
Sixty milliliter in 60 minutes is 1 ml. per minute. 
Find 1 ml. in column V of table 1 and read the 
answer, 54 ml., from column 2. 

2-7. Solution to Problem Situation No. 2: Five 
feet is equal to 152.4 cm. (5 X 12 X 2.54 = 
152.4). Referring to table 2, find 150 in column 
I because this is nearest to 152.4; the correction 
factor (K) opposite 150 is 1.33; multiplying 1 
ml. per min. by K, we arrive at 1.33 ml. per 
min. (1 X 1.33). 

2-8. An alternative scries of calculations pre- 
ferred by many laboratories does not employ 
internal or hidden correction factors. Instead, thdA| 
kind of calculation to be used depends upon the 
urine autput. In this series, any convenient dilu- 
tion of the urine may be made, provided the 
result is given in the same units of concentration 
as the blood urea Wyel (e.g., mg./ml.). A dilu- 
tion as shown in table 3 may be used to bring 
the urine urea concentration in line with blood 
levels. A correction factor for surface area varia- 
tion is still u^ since tiiis is of particular im- 
portance in patients under 15 years of age. Ter- 
minology and corresponding calculations may be 
listed as follows. 

a. Maximum clearance (Cm) describees a clear- 
ance in which the urine flow is greater tiian 2 
ml./min. per 1.73 sq. meters of body surface. The 
formula for calculating maximum clearance is 



where C,,, 

U 
B 

V 
K 



UV 
= -B- X K 

= maximum clearance in ml. of 

blood/ min. * 
=: urine urea nitrogen level. 
= BUN level of a corresponding 

volume of blood, 
= ml. of urine per minute, and 
1.73 



body surface area in square meters 

K values are provided in table 2. Normal < 
values are 59 to 95 ml./mih. 
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Table 1 
Urea Clearance Dilution Taile 



Vo Zume pf 
. uvine per 
tninwte in ml, 
(V) 


Dilwtis 1 
of upine 


ml. 
to : 


• Vo Iwne off 
urine psv 
minute inJnZ, 
(V) 


Dilute 1 
of uvine 


ml . 

to: 


0.50 


76 




2.00 


37.5 




0,52 


75 




2.10 


35.7 




0.54 


73 




2.20 ^ 


34.1 




0.S6 


72 




2.30 ^ 


32.6 




0.58 


• 71 




2.40 


31.2 




0.60 


70 






30.0 




0.62 


69 




2.60 ® 


^8'. 8 




■ 0.64 


68 




2.70 


27.8 




0.66 


67 




2.80 


26.8 




0.68 


66 




2.90 


25.8 




0.70 


65 




3.00 


25.0 




0.72 


64 




3.10 


24.2 




0.74 


63 




3.20 


23.4 




0.76 


62 




3.30 


22^7 




0.78 


61 




3.40 


22.0 




0.80 


60 




3.50 


21.4 




0.82 


60 




3.60 


20.8 




0.84 


59 




3.70 


20.3 




^0.86 


58 


• 


. 1.80 


19.7 




0.88 


'58 




3.90 


19.2 




.0.90 


57 




4.00 


18.7 




0.92 


56 




4.10 


18.3 




0.94 


56 




4.20 


17.9 




0.96 


55 - 




4.30 


17.4 




. 0 . 9« 


55 




4.40 


17.0 




l.OA 


54 




4.50 


16.7 




1.05 


53 




4.60 % 


16.3 




1.10 


51 




4.70 


16 . 0 




1.15 


50 




4.80 


1516 




1.20 


49.3 




4.90 


- 15.3 




1.25 


48.3 




5.00 


15.0 




1.30 


47.4 




5.20 


14.4 




1.35' 


46.5 




5.40 


13.9 






*r3,\J 




5 60 


13.4 




1.45 


44.8 




5.80 


12.9 




1.50 


44.1 




6.00 


12.5 




1.55 


43.4 




6.20 


12.1 




1.60 


42.7 




6.40 


11.7 




1.65 \ 


42.1 




6.60 


11.4 




1.70 


40.8 




6.80 


1 11.0 




1.80 ' . 


* 40.3 




7.00 


10.7.' 




1.85 


39.7 




7.20 


10.4 




•1.90 1 


*39-.2 




7.40 


10.1 




' 1.95 V , . 


38.5 


r 


18^7.60 


9.9 
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b. Standard clearance (C) describes blood 
urea clearance in which the urine output is less 
than 2 ml./min.. It is calculated as' follows. 



C. = 



where C. 

B 

V 
K 



u y vK 

B . 

standard clearance in ml. of 
blood per minute, 
urine urea nitrogen level, 
BUN level of a corresponding 
volume of blood, 
ml. of urine per minute, and 
1.73 



body surface area in square meters 

K values arc shown in table 2. Normal C. values 
arc 41 to 65 ml./min. 

c. Minimal clearance is a concept employed 
where urine output is below 0.35 ml./min. The 
formula for minimal clearance is 
U 

minimal clearance = -g- x 0.35 

where V = urine urea nitrogen level and 
B = BUN concentration expressed 
in the same terms as U. 

The normal minimal clearance is 32 ml. of blood 
per minute. There have been many analytical 
treatises on the validity and meaning of the urea 

^ Table 2 

CoRRCCTioN Factor K for Urea Clearance Test 



Height 



Factor d^") 
to multiply V 

to obtain 
corrected V: 



Cm 




175 


1.01 


170 


1.06 


165 . . 


1.10 


160- 


1.17 


155 


1.25 


150 


1.33 


145 


1.41 


140 


1.49 


135 


• ^ 1.59 


130* 


1 .69 


125 


1.80 


120 


1.92 


115 


2.04 


HO 


2.19 


105 


2.34 


100 


2.50 


98 


2.56 


96 


2.62 




2.68 


92 


2.74 


90 


2.81 


88 


2.90 


86 


2.99 


84 


* /| 3.09 


82 


3.20 


80 


3.31 


78 


3.42 


76 


3.56 


74 


3.70 


72 


3.86 



Table 3 

Dilution Table for Urine Specimens in Urea 
Clearance Procedure 



^ol (ml,/min,) 
O.S to 2.0 
2.0 to 4.0 
4.0 to 8.0 
8.0 to 12.0 



Pi lutivn 
1:500 
1:250 
1:100 
1:25 



clearance test. Since space does not permit a com- 
plete discussion, it is adequate to merely recog- 
nize the wide latitude of variatioi^ in interpreting 
iclearance tests. Remember that a clearance test 
is designed to measure the efficiency of an organ, 
in this case the kidney. This is a relatively diffi- 
cult task under the^best of circumstances. 

2-9. Problem Situation No. 3: Calculate maxi- 
mum urea clearance (Cm) from the following 
data. 



Urine output is 3 mL per miri.. 
Blood urea nitrogen =: 10 mg-%. 
Urine urea nitrogen = 300 mg^%, and 
Patient*s height is 6 feet. 



2-10. Pcoblcm Situation No^ 4: Calculate 
standard urea clearance (Ch) of a child 100 cm. 
tall, given the following data. 



Urine output is 1 mL per min.. 

Blood urea nitrogen = 0.5 mg. per ml.. 

Urine urea nitrogen = 2 mg. per ml. 



, 2-11. Problem Situation No. 5: Calculate 
minimal urea clearance from the following infor- 
mation, t " 

Urine output = 0.2 ml. per min.. 

Blood urea nitrogen =: 0.2r mg. per ml., and 
Urine urea nitrogen = 10 mg. per ml. 

2-12. Solution to Problem Situation No. 3: 
The formula is 

UV 



Values corresp 
c =^ 



as follows: 



U 
V 
B 
K 



300 mg-Cr , 
3 ml. per min.. 
10 mg'*^. and 

1(6 X 12 = 72"; 72 x 2.5 = 180 cm: 
Above 175 cm. no correction is 
required as noted from table 2.) 



Then, C,„ 



, 300 X 3 



10 



X 1 



inches X 2.54. 



C,„ = 90 ml. per minute. 
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2-13. Solution to Problem Situation No. 4: 
The formula for standard urea clearance (Ch) is: 



U V VK 
B 



Values relate as follows: 

= ? 

U = 2 mg. per ml., 
-V r= i ml. per min.. 
B = 0.5 mg. per nil.. 
K = 2.5 from table 2. 



and 



Then, = 



Z V 1 X 2.5 
0.5 
1.6 

2x/or5 

6 ml. per min. (Use slide rule 
or square root table if necessary.) 



2-14. Solution to Problem Situation No. S: 
Minimal urea clearance is determined as follows. 

U * ^ 

Minimal clearance = x 0.35, the last figure 
^ being a constant. 

U == 10 mg. per ml., and 
B == 0.2. mg. per ml. 
Then, jq ' 

minimal clearance = — x 0.35 = 17.5 or , 

^•2 18 ml. per min. 

2-1 S. Creatinine Cleanince.<;^e clear^ce of 
creatinine from the blood is primarily an index 
of glomerular filtration rate. The test i$ per- 
formed in a manner similar to the urea clearance, 
with a few appropriate changes. The time period 
over which a urine specimen is collected is usually 
longer for the creatinine test, sometimes coverings 
24 hours. Further, protein intake of the patient 
should be controlled in the creatinine clearance. 
Calculations are performed as follows. 



C = 



UV 
P 



X K 
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where, G =: endogenous creatinine clearance, 
U = mg./ml. urine creatinine, 
* V = ml. urine per minute, 

P = mg./ml.' plasma creatinine, and 
K = 1.73 divided j^oatient's body 
surface area'W square meters. 
(Refer to table 2.) 

Normals ^ange from 100 to 120 ml./min. or 116 
to r48 L./24 hours. This test is sometimes com- 
pared with, or substituted for, the inulin clearance 
test. 

2-16. Concentration Tests. Normal kidneys are 
able to concentrate urine and efHciently remove 
waste products. from the blood. Increased^ values 
for the specific gi^vity of urine are found in 
febrile conditions, nephritis, and diabetes mellitus. 
Decreased values occur in diabetes insipidus and 
chronic nephritis. Two of th^most common con- 
centration tests are the Mosenthal test and the 
Fishberg test^ described in the following para- 
graphs. 



2-17. Mosenthal test. The specific gravities of 
various urine specimens are measured under con- 
trolled dietary conditions. On the day of the test, 
just before breakfast, the patient voids completely 
* and the specimen is discarded. Three normal 
meals at X)800, 1200, and 1700, each with ap- 
proximately 1 pint of fluid, are consumed by 
the patient. No solids or liquids are allowed be- 

' tween meals or after supper. Urine specimens 
are collected from 1000 through 2000 at 2-hour 
intervals. Each specimen is collected in a sepa- 
rate container and the time is noted. All speci- 
mens voided between 2000 and 0800 the next 

•morning are collected in one container. The vol- 
ume and specific gravity of each specimen are 
determined. There should be. at leas^ 7 points 
difference between the lowest and highest specific 
gravity. The volume of the specimen collected 
from 2000 hours to 0800 hours is usually at least 
600 ml., but less than 800 ml. In kidney disease 
the volume of the night specimen is' usually 
greater than 600 ml., and the specific gravity 
varies by only a few points. One specimen should 
have a specific gravity of at least 1.020 to 1.024. 
This test is 9t dia^ostic value, except that it is 
unreliable in heart failure and edema. 

2-18. Fishberg test. The principle of this test 
is very similar to the preceeding one. The patient 
eats a high protein evening meal with fluid in- 
take restricted to not more than 200 ml. No 
further intake of food or liquid is allowed until 
the test i^ompleted. The patient is allowed 
to void and discard urine during the night, but 
is instructed to collect sjpecimens at 0800, 0900, 
and 1000 hours. At Ij^ast one of the specimens 
should have a specific gravity over 1.024 if the 

^ kidneys are norm^. In diseased states the specific 
gravity of ^11 specimens is considentbly lower than 
this. « 

2-19. Dilution Tests. The ability of , the kidney 
to dilute urine is sometimes evaluated by means 
t of dilution tests. Although contraindicated in 
cases of cardiac or renal edema, it may be of 
value in conditions such as adrenal insufficiency. 
Individuals normally excrete 1 200 ml. (or 
slightly more) of tirine per day. A patient 'With 
adrenal insufficiency (Addison's disease) usually 
excretes 800 ml. of urine or less in a day. One 
procedure for conducting a dilution test may be as 
follows. The patient does not eat or drink after 
2000 hours. At 0800 hours he empties his bladder 
and drinks 1500 ml. of water within 45 minutes. 
Eight separate specimens are collected at 30- 
minute intervals thereafter. The specific grayity 
should be 1.003 or less in at least one specimen 
and the total volume of urine voided should be 
over J 200 ml. 
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2*20. These have been a representative sam- addition, we hope that it has motivated you to 

pie of the kidney function tests that are used in the cons|(ant study and research necessary if you 

the Air Force. While there are others, these are to keep abi^east of the latest techniques in this 

should hye given you a basic understanding. In rapidly changbg career field. 
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Gastric Analysis 



A CROWD OF Indians, guides, trappers, and 
adventurers gathered in the American Fur 
Company store on June 6, 1822. Someone in 
the crowd was playing with a gun. when it dis- 
charged, striking a 19-year-old French Cana- 
dian, name^ Alexis St. Martin, in the stomach. 
This accident set in motion a series of events 
and experiments which is the basis of much of 
what we know about the stomach today. Let's 
briefly discuss some of these events. 

2. . An army surgeon. Dr. William Beaumont, 
was called to treat the unconscious St. Martin. * 
The patient had a hole about the size of a man s 
fist in his side. After 10 months of conscientious 
care by Dr. Beaumont, the wound in St. Mar- 
tin's side? was healing, but the opening did not 
close. As time went on, St. Martin recovered 
sufficiently to be up and about but the hole J 
remained in his side and stomach. This hole pro- ( 
vided Dr. Beaumont with a window through 
which he could watch what actually happened 
during digestion. 

3. Some of the experiments and observations 
concerning St. Martin included: 

• Giving medications though the. hole in St. 
Martin's stomach. 

• Taking temperatures, both inside and out- 
side the stomach. 

• Observing the effect of emotional stress on 
digestion. ' * 

• Suspending different foods in St. Martin's 
stomach and ascertaining the length of time re- 
quired to digest esich. 

• Dr. Beaumont's experiments and observations 
were made over a period of^ several years be- 

' cause St. Martin left and returned many times. 
The results were finally published in Plattsburg, 
New York, as Experiments and Observations on 
the Gastric Juice end the Physiology of Digestion. 

4, Dr. Beaumont's studies, the first major 
physiological contribution to research medicine 
in the United States, was not thd first lime diges- 
tive functions of the stomach hadf been studied in 
detail. Lazzaro Spallanzani (l729 to 1799) 
wrote detailed accounts of digestion based on 



experiments which he performed. Spallanzani tied 
strings to pieces of food and then persuaded 
animals to swallow this food. At intervals there- 
after he withdrew the strings and examined^ the 
food. It was Spallanzani who correctly noted that 
certain foods, particularly protein, are broken 
down in the stomach. Medicine has made much 
progress since the days of Spallanzani 'and Dr. 
Beaumont. In U.S. Air Force hospitals of today, 
the physician does not peer through a window 
in his pat]ent*s stomach, but he may call upon 
the laboratory to analyze fluids which have ^cn 
withdrawn from the patient's stomach, ^his 
analysis then helps the physician in diagnosis 
and t^atmcnt of the patient. In this chapter you 
will study the basic anatomy and physiology of 
the stomach and laboratory procedures in gastric 
analysis. 

3. Basic Anatomy and Physiology 
of the Stomach • - 

3-1. Most foods are not naturally in a form 
which can be absorbed directly into the blood. 
The stomach serves as a storage ar<5^ for food 
until it can be- broken down: in the intestine. 
NVhilc the food is in the stomach, a mixing ac- 
tion and certain digestive juices reduce the food 
.to a semiliquid state called chyme. The most ac- 
tive components of the digestive juices arc hy- 
drochloric acid, lipase, pepsin, and, in infants, 
rennin.^ 

3-2. General Features of the Stomach. The 

stomach may be described as an expanded part of 
the digestive tr^cv^^KSfWeen the esophagus and 
the small intestine. The esophagus enters the 
stomach on the right side just below the fundus. 
A band of visceral muscle at the battom of the 
esophagus constitutes the'^^ cardiac sphincter, 
which remains closed except when a peristaltic 
wave, or a counterforce such as nausea, causes 
it to oj^n. Fiziod is forced/ infe^ahe stomach by 
peristalsirlndcpendent of the force of gravity. 
The narrowing portion of the stomach, below a 
curving m^in portion called the body of the 
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stomacbi. 1$ ttie pyloric portion, The pyIoni$ i$ 
separated ffom the small intestine l»y a pyloric 

I spbincter. Peristaltic movements which be^in 
near the middle of the stpmach cause food to 
move into the tintestine^ Cdntrpt of the pyloric 
sphincter is rather complicated and precise* The 
area between the^ pylorus and th<^ body of the 
stomach constitutes the pylbricantruih and canal 
which are labeled in Ogure 1: M^en U is empty, 
the stomach is anran^ed in anatomical folds 
termed rugae. A distended stomach has a capac- 
ity of 1 to IVi quarts in an adult of Verage i$ize. 

3*3* Histologically, the sjtdmach has certain 
general microscopic features. There are millions 
of simple tubular glands. Glands in the esopha- 
geal area of the stomach differ somewhat from 
those in bther areas of the stomach. Gastric 

-glands are made up of three kinds of cells: the 
chief ceils which -secrete enzymes, the parietal 
cells which produce hydrochloric acid, and the 
mucous cells. The gastric juice wells up through 
openings in the mucosa which are referred to 
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a$ gastric pits^ These glands extend ta a zone 
histologically identined as the laniina propria, be- 
low which lies the muscularis mucosae. 

3-4M The surface of the stomach consists of 
simple columnar epithetium^ which extends down 
to line the pit$. This epithelium protects the sur« 
face of the stQihacfi. Normal and viable stomach 
'tissue is not ^ected by the digestive juices pres- 
ent In the stomachy although immediately after 
deaths cells of the stomach undergo autolysis. As 
might be "^expected, ulceration of the mucous 
membrane sometimes occurs. Contraj^ to what 
you might expect, wounds qt the stomach heal 
perfectly well even in the absence of the protec- 
tive columnar epi^elium/ Psychogenic factors 
may complicate healingprocesses/ ^ 
. 3-5. Gastric I%atioB* ISe priniary fvinctions 
of the st(^ach are (I) stofajps of food, (2) diges- 
tion,* and (3) teictericidal effect All are impor- 
tant, but not viud> since complete remdval of 
the stomach (total ,gast):ectomy> can be toler- 
ated. Food which passes thrwgh the ^ cardiac 
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Figure I. The stpmach. 
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orifice of the stomach«> accumulates in the lower 
curved portion. Further Accumulation of food 
cai^es some stretching of the stomach \yalls. 
Peristalsis of th^ stomach is regulated according 
to the aniouni of food present. Secretion of gas- 
tric juices is causecj by nerve impujses which are 
conducjted from the brain through the vagi 
nerves to the glands of the stomach. TJjese im- 
pulses are the result of sensory or psychic stimuli 
including the sigfjt or smell of food. Stretching 
the stomach waits, \as well as the chemical nature 
of certain foods, alsb influences gastric secretion. 
Alcohol and histaminCN^e both used in the hos- 
pital to stimulate gastric sbcretion. ^ ^ 

3-6. Gastric j[uice consists of 98 percent water; 
the rest includes pepsin, hydrochloric acid, inor- 
ganic salts, mucin, and the so-called intrinsic fac- 
tor. This is a factor present in gastricjuicc which 
is essential for the prevention of anemia. Its ex- 
act nature is obscure, but it is thought to be a 
mucoprdtein secreted in the func/ljs and cardiac 
portions of the stomach. Gastric juice has a . 
pH of 0.9 to 1.5 and is about 0A5N. The 
amount of gastric juice found in the fasting stom- 
ach is usually about 50 ml., with approximately 
2500 ml. secreted^ per day by an adult. Patients 
with a duodenal ulcer secrete twice that amount. 
The actual process o£,HCHormation in a parietal 
cell is essentially th^t of the chloride shift de- 
scribed in an earlier chapter. Carbonic acid. 
H2CO3, is the source, of the hydrogen that com- 
bines with chloride ions which diffuse intp the 
cell from the surrounding plasma. 

3-7. Besides the constituents, of gastric juice - 
mentioned, certain other substances are present. 
They include pepsin, rennin, and lipase. To- 
gether with the action of the acid, pepsin breaks 
proteins into proteoses and peptones. Rennin, 
which is of little consequence to adults, converts 
milk protein (casein) to paracasein,' and lipase 
acts on fats to produce fatty acids and alcohols. 
The lipolytic action of gastric jui^e is not con- 
sidered ve/y important because of the greater 
activity of pancreatic lipase in the intestine. Gas- 
tric lipase is responsible for the release of butyric 
fat from butter fat, a product which causes the 
characteristic disagreeable odor of gastric con- 
tents; Unlike the intestine, relatively little ab- 
sorption takes place in the stomach. Water and 
alcohol are examples of substances which can 
be absorbed directly into the blood from the 
stomach. 

3-8. Gastric Acidity. Total gastric acidity de- 
pends upon the presence of bpth free and com- 
bined acid. Combined acid includes HCl com- 
bined with protein, acid phosphates, and organic 
acids. Gastric acidity is expressed in degrees. 
A degree is the amount of acid in 100 ml. of 
gastric juice which will be neutralized by 1 ml. of 



OAN NaOH. One degree is numerically equal to 
I mEq/L. because the milliliter of &\N NaOH 
required to neutralize 100 ml. of gastric juice is 
equal to the ml. of \,0N to neutralize 1,000 ml. 
This entity meets the definition of an equivalent 
weight in grams, which is also numericallv^qual 
to 'a ^illiequivalent weight in milligrams^ 

3-9. There is a correlation between the gastric 
secretory activity and certain clioical condiUons. 
Hyperacidity commonly occurs in cases of du- 
odenal ulcer, whereas hypoacidity is characteris- 
tic of gastric carcinoma. The absence of hydro- 
chloric acid (achlorhydria) is indicative of 
pernicious anemia. The degree of acidity varies 
according to whether' of not the patient is fast- 
ing. A normal fasting specimen is as follows: 

Free acidity: 5* to 20* 
Total acidity: M5* to 45* 

Very often the physician is interested in knowing 
only whether free acid is present. Analyses arc 
also performed following test meals. Many of the 
test meals used in former years arc^ no longer 
used |oday. Some of these, such a^ the Ewald 
meal, consisted of toast and tea. T^c niost 
common means of stimulation today* arc through 
the use of alcohol, caffeine, and histamine. In- 
sulin also stimulates gastric: secretion with ac- 
companying hypoglycemia. Stimulating gastric 
secretion is almost 'exclusively accomplished by 
the medical and nursing staff of Air Force facili- 
ties, as is the use of a gastric tube for- withdrawal' 
of stomach contents. It is not necessary, there- 
fore, that you, the laboratory technician, be fa- 
miliar v/ith the details of these procedures. You 
should be aware of the nature of gastric stimu- 
lants from the viewpoint of physiological chem- 
istry, howcvej. u 

3-10. Normal patients will show maximum 
production of gastric juice about 30 minutes after 
ingesting 500 mg. caffeine sodium benzoate. The 
level then drops sharply. Histamine is injectec^ 
subcutaneously , to the extent of 0.0 1 mg./kg. 
body weight. The usual dose is 0.3 ml. of a 
1/1000 histamine phosphate solution. Speci- 
mens are withdrawn 'at 15-minute intervals for 
up to 90 minutes. The normal response is simi- 
lar to that observed with caffeine and ^Icohol. 
Ulcer patients *do not show a marked drop in 
HCl, whereas normal subjects show a definite 
decline in HCl production at 60 to 80 minutes 
after stimulation. Ahhough interpretation of the 
response is not a laboratory problem, you should 
appreciate that there are t^ree main categories 
of abnormal response to gastric stimulation — 
achlorhydria, hyperacidity, and hypoacidity. 

3-11. Achlorhydria is characterized by the ab- 
sence of free HCl in all specimens. This is usually 
found in patients with diabetes mcllitus, adrenal 
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insutTiciGncy^.pulmonary tuberculosis, 'arterioscle-% 
rosis, and Hyperthyroidism, ^^chlorhydria is occa- 
sionally confused with false achlorhydria, which 
is the absence of ifree HCl due to neutralizing 
substances in the specimen. The two conditions 
may be distinguished in the laboratory by ana* 
lyzin^ the gastrc fluid for chloride. 

3*12. Hyperacidity is the response indicated 
by high acid values, continuing during the 60- 
to 90-minute interval ^ which is the digesuve 
phase. The increase may or may not level off. 
Various types of curves are encountered which 
may be indicative of duodenal ulcer, gastric 
neurosis, cholecystitis, hyperirritability, gastric 
ulcer, and appendicitis. In some cases very little 
clinical significance can be attached to a sharp 
rise in gastric acidity. 

3- 13. Hypoacidity i^a condition in which the 
response is less than normal. This is observed in 
carcinoma of the stoijiach, gastritis, neuroses, co- v 
litis^ anemia, and gefstric ulcer, as well as in a few 
other conditions: ]A low level of gastric , secretion 

is also obsepredf in about 20 percent of the 
normal population and in a significantly greiater 
proportion of pregnant women. 

4. Laboratory Procedures in 
Gastric Analysis 

4- 1. Of primary concern to the clinical labora- 
tory is the acidity of gastric fluid because of its 
relationship to clinical conditions. Acidity is due 
to both free and combined acid. For example, in 
conditions such as carcinoma*^ of the stomach 
there may be little or no acid. Hyperacidity, on 
the oihci hand, may indicate a gastric ulcer. 
Acidity is determined by a titration procedure de- 
scribed in the following paragraphs. With this 
titration you will be able to differentiate total 
from free HCl. The presence or absence of free 
HCl can sometimes be determined by a tubeless 
test. In a tubelejss analysis we measure in the 
urine the amount of dye displace^ from an ion 
exchange resin by HQ als the resin passes 
through the patient's stomach. This technique is 
discussed below in paragraph 4-4. 

4-2. Physical Characteristics of Gastric FIuicL 
The follqwing characteristics should be noted as 
you assay gastric fluids. Any deviauon from the 
normal should be reported. 

a. Color. A normal-appearing, fasting gastric 
specimen is opaque to clear, with a slight grey 
to pale yellow color^ * 

h. Presence of mucous. Gastric fluid may be 
difflcult to pipette because of its viscous nature. 
A 1 0-ml., wide bore tip, serological pipette 
equipped with a bulb works well in transferring 



the specimen. A specimto may also be carefully 
measured in a 10-mL graduated cylinder. Pre- 
liminary nitration through gauze is helpful. Ab- 
normal amounts of mucous may indicate gastritis^, 
with inflammauon of the mucous tissue. Excessive 
mucous may cau3e fals^ely decreased acid values. 

c. Volume. The volume of the gastric speci- 
men should be measured. 

d. Odor. This is usually less important than 
other features, though an unusual odor may Ins 
of interest. For example, a fecal odor i& typical 
of intestinal obstruction. 

e. Particulate "matter. Fckxi particles arc not 
normally present in a fasting specimen unless there 
is a problem of stasis. 

/. Presencjc of blood. Blood which has accum- 
ulated in the stomach is brown, usually described 
as appearing like coffee grouncis. Bright red blood 
due to fresh bleeding iS less common unless it 
results from trauma or injury. The presence or 
absence of blood is extremely important and 
should be tested for by the guaiac or benzidine ^ 
test if suspected. 

4-3. Titration of Add. The principle of gastric 
titration is as follows: The concentration of fjee 
hydrochloric acid is measured by titration Math 
standard alkali to the Topfer's reagent (known 
chemically as dimethylaminoazobenze — methyl 
yellow) endpoint (pH 3.3), and the total acidity 
by titrauon to the phenolphthalein endpoint (pH 
8.5). Because two separate titrations are per- 
formed on the same specimen, this procedure 
becomes confusing to many technicians. A simple 
version of the titration procedure is outlined 
below. *Let*s first look at the step-by-step method 
of performing the titration. \^ 

Step 1: Label a 50-mljErlenmeyer flask for 
each specimen and placed ipl. of specimen in 
each flask. ^ 

Step 2: Add 3 drops of Topfer's reagent to 
each fjask, mix by swirling, and note the color 
change. Yellow indicates no'ftct acid is present. 
Red indicates the presence of fr*ee acid. ^ 

Step 3: If there is no free acid, record this 
and proceed to Step S. 

Step 4: Free Acidity. If free acid is present, 
titrate to the salmon-pink endpoint of Topfer's 
reagent with OAN sodium hydroxide. Record the 
amount of OAN sodium hydroxide used. This 
figure is used to calculate free acidity. 

Step S: Add 3 dro^ of phenolphthalein indi- 
cator solution. 

Step 6: Combined Acidity. Titrate to the pink- 
red endpoint of phenolphthalein. Record the 
amount of OAN sodium hydroxide used as the 
amount requijcd to titrate combined hydrochloric 
acid. ] 



After making the step-by-step titrations you are 
now ready to make the calculations as follows: 

Calculation for ^ HQ . 
ml. of NaOH frcmi step 4 



ml. of gmstnc specimen 



100 = degrees free 
from HCl 



Calculation Jor combined HQ 

ml. of NaOH from step 6 ^ 

' — - — — 2 : X 100 = degrees 

mL of gasmc specunen combined HCl 

^ Total si combined -f free. ) 

Note: Since total = free -f combined, combined 
= total ^ free and rei>resents that portion of the 
gastric HCl which is combined with organic sub* 
stances. ' 

4-4. Tubeksi Gastric Analysis. An ion ex- 
change resin is available commercially (Diagnex- 
Blue--Squibb) which makes use of a dye, azure o 
A,, as an indicator.^ The patient is given a packet 
of the resiff granules and instructed to^ swallow 
them without chewing, as outlined on each pack- 
age; The amount of dye which appears in the^ 
urine depends upon displacement from the resin 



by HQ in the stoipach. A color 'chart is tised to 
estimate the amount of dye in the urine, which is 
an index of the amount of HQ in the stomach. 
This test is considered valuable as a screening 
test only. It is preferred to pacing a gastric 
tube only because it is simple and does not dis- 
comfort the patient Its reliability, however, is 
not beyond question. 

4-S. Withm the past few years there have 
been attempts to take a new approadii to the. 
subject of gastric analysis in keeping witlL;ii||9-to- 
date methods and equipment Some invest^tors 
have proposed abandoning the terms total and 
/rer add and replacing them by the more mean- 
ingful terms hydrogen ion concentration IH+], 
undissociated hydrogen ion concentration [Ch] 
and tltratable acidity,^ A change in the' concept 
of sntric analysis as proposed is>a good example 
ofyapplying new ideas and greater sophistication 
to basic laboratory procedures. 
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Si^ecial Chemistry Tests 



••'Q FECIAL CHEMISTRY TESTS arc "special ' 
^ only because these tests arc usually performed 
only in large clinical laboratories. Thi^ does not 
mean they jire unnecessary at small medical fa- 
cilities, but special chemical analyses usually re- 
quire unique, costly equipment, and technicians- 
trained in the special techniques. Because of the 
cost and complexities of these tests, it is impor- 
tant for all technicians at reference and referring 
laboratories to be aware of general technical 
considerations involved with each "speciaF' test. 

5. Referral Chemistries , 

S-l. In this section we will consider various 
referral-type analyses. The discussion of electro- 
phoresfs develops from variations in technique. 
Chromatography is reviewed fn "principle and in 
its general application. The physiology and quan-. 
titation of serum 'iron is developed in the'li^t of 
its clinical importance, while recent dramatic in- 
novations in protein-bound iodine (PBI) analysis 
arc described in comparison to standard manuaK 
methods. Hormones are briefly defined relative 
to their importance in clinical medicine. Qualita- 
tive urinary calculi analyses are covered briefly. 

S-2. These are the more common special 
chemistry tests. You will need to know this in- 
formation to understand your responsibilities in 
collection, preservation, and shipment of speci- 
mens. You may also require the technical knowl- 
edge of special chemistry procedt^res to actually 
perform some of these tests in a large reference 
laboratory. 

^ 5-3. Electrophoresis. The migration of charged 
particles in an electrolyte solution resulting from 
an electric currefht flow is known as electro- 
phoresis. Colloidal particles, such as protein, al- 
though invisible to the unaided eye, are ajCtually 
in suspension rather than in true solution. Some 
of the particles (fractions) which may be sep- 
arated by electrophoresis because of their dif- 
ferent mobilities-include proteins, lipoproteins^ 
hemoglobins, amino acids, and many other sub- 
stances of medical and biological importance. The 



widespread application of electrophoresis is quite 
recent. However, the concept of electrophoresis 
is not new. 

5-4. In 1861, a' German investigator, 
Quincke, demonstrated a relationship between 
the speed of particle migration and the electric 
potential gradient, as well as the relationship be- 
tween speed of migration and pH of the sdlpend- 
ing medium. ^£gg albumin was one of the pro- 
teins first investigated^in detail. The activity of 
albumin in an electric^ field was studied by 
W. B. Hardy in the latter part of the 19th cfen-" 
tury. Writing in the Journal of Physiqlogy m 
1899, Hardy reported that protein particles 
have . . this very interesting property that 
their[^ electrical characters are conferred upon 
them by the nature of the reaction, acid or 
alkaline . . ." In other words, particles, such .as 
proteins, suspended in an aqueous -medium will 
have either a positive or a negative/ charge de- 
pending upon the pH of the solvent and' the 
nature (size, charge, etc.)f'of the particles. The 
pH at which a protein is electrically neutral is 
the point at which it will not migrate in an elec- 
trophoretic system. This particular pH, charac- 
teristic for each protein, is referred to as its 
isoelectric yppint. The major protein fractions of 
human serum are in the anionic form at an alka- 
line ^H and, hence, will migrate to the anode. 
They are* usually separated at a pH of 8.6. . 

5-5. A major problem in the development of 
elecH-ophoresis has been quantitating each frac- 
tion which can be distinguished. Keep in mind 
that both rate and direction of movement in a 
field depend upon the nature of the particle itself 
as well as the pH of the solution. Albumin, for 
example, can be separated from globulin because 
it migrates at^.;^-fastti;^ rate because of the size 

loleculc. Quanti- 
tating the albumin is quite Another matter, how- 
ever. The first practical means of quantitatively, 
"^^eparating proteins was described in JS^7 by 
Nobel Pri^e Winner Arne Tiselius of Sweden. 
The Tiselius apparatus is used today in research 
and special studies, but it is not particularly 
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useful in a hospital laboratory. This type of instru- 
ment represents moving boundary electrophore- 
sis. The use of supporting media to prevent 
mi;yng of the fractions by convection is more 
recent and more practical for clinical use. , 

5-6. Serum. The use of supporting media sucIyC^ 
as starch-gel, paper, agar-gel,. and cellulose ace- . 
late through which the proteins migrate is re- 
ferred to as zone electrophoresis. Most familiar 
to the clinical laboratory is the equipment pic- 
tured in figure 2 which uses paper strips. The 
serum to be separated is placed in the middle^ 
of an electrolyfe-buffer-saturated paper stripy 
Electrodes are applied to each end of the strip 
in a tank of buffer solution. Sixteen to 24 hours 
are required tot adequate separation of all serum- 
protein fractions. After the current^ is discon- 
nected, strips are dried and developed with a 
dye (e.g. bromphenol blue) to stain bands of 
proteins. Reading from anode to cathode oh the 
strip, serum fractions are albumin, alpha 1, ^pha 
2pbeta, and gamma (ai, a-, /3, and y) globulin. 
The| relative amount of each component may be 
chaired with a scanning device which .measvfres 
the /density of ^ach band by a photocell as imli- 
cated in figures 3 and 4. A curve is charted 
peaks to represent each Traction which may thei 
be expressed quantitatively as a percent of the 
^tal. Percent is determined from integration units 
marked pn the x-axis by the scanning instru- 
ment. To determine the actual amount of compo- 
nent in grams percent or milligrams percent the 
percent figure is multiplied by a total concentra- 
tion value obtained by some conventional means 
of analysis, such as the biuret method for pro- 
teins. If a scanning instrument is not available, 
bands may be eluted from segments of the paper 
strip with a suitable solvent and read in a cuvette 
with an ordinary spectrophotometer. -Normal 
values for protein fractions in serum are given in 
table 4. Serum specimens are stable for at le^st 
3 days at room temperature and for at least a 
month if refrigerated. 

S-7. Electrophoretic studies are clinically use- 
ful in [}atients with liver diseases, myeloma, 
chronic infections, and sickle-cell anemia as well 
as in certain other conditions. Compare the trac- 
ing* of serum from multiple myeloma in figure 3 
with the normal serum protein electrophoresis in 
figure 4. A 'relatively new method which shows 
promise uses cellulose acetate strips as a support 
medium. Speed, improved resolution, and micro- 
. sample size are distinct advantages with this 
supportine^medium. Resolution (^f 0.25 micro- 
liters of apTum is completed in Vz hour as op- 
posed to 16 hours on paper. The terms micro- 
liter (/il) and lambda (X) are synonymous and 
equal to 1/1000 ml. In additi9il eight different 
specimens can be placed on one strip of cellulose 
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acetate, whereas with paper each specimen; re- 
quires a single paper strip for resplution. 

5-8. Hemoglobin. Hemoglobin fractions may 
be separated' with paper electrophoresis;' how- 
ever, it* is not sensitive as other methods. For 
example, it will not detect less than 15 percent 
of hemoglobin^S (Hb-S) in a mixture of normal 
adult hemoglobin (Hb-A) and Hb-S, nor does 
it allow distinction of minor components such 
as Hb-Ajy. Variations in mobility of different elec- 
trophoretic fractions may result from^ slight- 
changes in buffer pH or ionic strerigth and fluc- 
tuations in temperature or electric current.^hcsc 
differences from one electrophoretic run to ' an- 
other make the use 6f knowa, hemoglobin 
fractions an essential requirement for each 
hemoglobtn-flectfopIiDre^is. These standard hemo- 
globin fractions may be ^^ured commercially or 
prepared locally from known patient sources. 
The relative mobilities of human hemoglobins* af- 
ter paper electrophoresis starting with the least 
migration arc: 

C < E < SAD < h\ < G < ;A < I < J < H 

The common hemogloSin fractions Hb-A and 
Hb-F (fetal) arp not distinguishable after migra- 
tion, so an alkali denaturation technique should 
be used on all specimens to determine the per- 
cent of Hb-F which is resistant to this denatura- 
tion. Normal* adults and children over 4* years 
should have less than 2 percent Hb-F. On any 
specimens migrating as Hb-S, a fex^ohemoglobin 
solubility may be employed to rule out the pqssi- 
bility of the fraction being the rare Hb-D which 
migrates at the same speed as Hb-S. Hb-S is 
relatively insoluble, >^ile Hb-D and most other 
hemoglobins are quite SietUible. ^ — 

5-9. Other methods ^rfcs^vailablc >yhich ren- 
der more sensitive resolutions>9(henjoglobin var- 
iants. One method uses starch bl^e as the sup- 
porting medium. This has a distinct advantage in 
the separation of Hb-A and Aj fractions neces- 
sary for the diagnosis of thalassemia minor.^ It 
has* the disadvantage of being very difficult to 
use; and, in addition, permanent records can be 
obtained only with photographs. 

1 0. Cellulose acetate. Cellulose acetate is 
rupidly becoming the medium of choice for both 
routine serum and hemoglobin electrophoresis. 
The advantages in scrum protein fractionation* 
have already been nicnlioncd. These same fac- 
tors — resolution, speed, and micro-sample size — 
are also desirable in. hemoglobin electrophoresis. 
Ceflulose acetate electrophoresis will resolve 
(separate). Hb-Aj froVn Hb-S and Hb-A from 
Hb-F in less than 2 hours of electrophoresis. 
Hb-F concentrations of less- than 2 percent have 
been quantitsj^ted on cellulose acetate strips. In 
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^mtion, Ahc strip may be cleared to trans- which a volume of W^r equal to the original 
pJlncy for more accurate quantitatiofi of frdc- volume and 0.4 volumes of toluene are added, 
ti^. Thlsc^ advantages and the marketing of Cejitrifugatiort separates cellular debris. resulting 
m®ficauott kits for existing paper elccttopho- ^ in a clear hgmolyzate containing, the hemogl<Ain. 

equipment have enhanced the use pf this The use o{ a. buffer is soittctimes advocated\to 
milium for routine electrophoresis in the clinical avoid 'pt)ssible loss of certain abnormal hemo- 
,_;4L.. — ' ' . gioi^in fractions. Artoth^r method of prepanng a 

hcntplyiate is by freeing ahd^^thawirig^ thou^ 
some investigators find this produces some pxfh 
ieia denaturation. The maintenance ot known 
abnormal control hemolyzaites is desirisible^ Clear 



lal»iratory. 

5ill,L Various techniques are used in prepar* 
ipg qtood specimens for separation of hemoglobin 
vari^'ts. In one method of preparing a hemoly- 
zattfj^. xed cells ' arc washed with saline ^ after 
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Table 4 
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"Normal Val^s ton, Serum P«otiiin Fractions bV 
i^ECTKorHOXEsU Paper 

7 

Peva^t Total Protein . 



\ 



6.2 to 8.5 



52 ^to 68 



3.5 to 5.5 



2.4 to 5.3 



0.2 to 0.4 



6.6 to X3.5 



0 . 5 to, 0..9 



8.5 to 14.5 



0.6 to 1.1 



' 10.7 to 21.0 



0.7 to 1;7 



K--^'i:h-'^!^W ^^^^ . 





Figure 4. Tracing wiih lUvmatjMCi^ protein electrophoresis* 



hemolyzatcs may be stored for months in sealed 
capillary tubes at -lO^'C Capillary tubes pro- 
vide sufficient small quantities and reduce the risk 
of excessive denaturation from repeated thawing 
' and freezing of single large Specimens. Denatura- 
tion pi control samples will be evidenced by ..in- 
creased trailing (spr^ding) of the protein bands. 

5-t2, Chromatography. Different solutes move 
through absorption media at different rates and, 
hence; cart be separated from" each other. This 
principle is the basis of chromatography. . Al- * 
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thotigti many investigators liave contributed to 
the dcvclipment of chromatography, principles 
applied today are essentially thoBe developed by 
two early investigators, David Talbot Day 
(1859-1925) and Mikhail Tsvvett (1872-1919). 
Dr. Day was a geologist who, while working tof 
the U.S. Government, 4)bserved the various col- 
ors of mineral samples. He attribuied the color 
layers to '^fractional filtration.'* He demonstrated 
that when crude oil was passed through' finely 
pulverized earth, the first fraction was diffej^ent 



ERIC 



2U1 



mmM 




from the second, fraction; the second was 
different from the third/ and so on. At approxi- 
mately the same time Oay carried on his experi- 
*mcnts in the United States, an Italilm-born Rus- 
sian-physical chemist, IProfessor Mikhail Tswett, 
was working with pigments in leaves. He ^ob- 
served that when a petroleum etWr extract ^y^s 
filtered through a column of adsorbent material, 
the pigments which were dissolved , in the solu- 
'tioif were resolved according to their adsorption 
sequence as c^wred zones tJiroutthou\ ^e me- 
diujffi. Although separation today'^often includes 
colorless " substances, the name chromatography 
is retained. 

5-13. TheVe afe many .variations of chromato- 
graphic separation in use, both on a .limited 
scale and on an industrial scale. U is applied to 
gases as wel^ as to liqui.ds. Different types of 
adsorbing materials include liquids and solids, 
cationio and anionic resins, polar and nonpolar 
- liquids, p^per, and a vfiriety of other substances. 
Through diverse iflodific^tion, phromatbgraphy 
has beeq applied to all kinds of gaseous, volatile, 
and soluble ntaterials.i Gas chromatography, col- 
umn chromatography," and paper chromatogra- 
phy are three of the mosf common applications 
of separation by differential migration. Gas chro- 
matography is divided into two categories, gas 
partition and gas adsorption. In addition to the 
abovfe described methods of chromatography, a 
direct electric potential can be applied to promote 
separation of components in a stabilized elec- 
trolytic solution. (This is known as electrochro- 
matography, and should not bp confused with 
electrophoresis.) Gas chromatography and paper 
chromatography have been used to assay various 
substances in the clinical laboratory, including 
Mood 'gases, ]| bile pigments, alcohol, sugars, 
amino acids/drugs, and many other chemicals. 

5-14. Serum Iron and Iron-Binding Capacity. 
The iron reserves of the body are stored as fer- 
ritin in the liver, ' spleen, bone marrow, and 
mucosal cells of the intestine. Absorption of iron 
is limited by the iron-binding capacity of the in- 
testinal mucosa. Intestinal absorption, erythro- 
poiesis, hemoglobin catabolism, and siderophilin 
metabolism are all factors which influence the ^ 
serum (or plasma) iron level. ^ 

5-15. A clinically significant iron concentra-- 
tion is present in plasma or serum in excess of 
that normally present as hemoglobin. The normal 
values reported vary with the quantitative 
method, but are in the range of 65 to 175 fig 
percent. Earlier methods reported lower values 
in females but more recent studies found no sex 
difference. This nonhemoglobin serum iron is 
known as transport iron, acid-soluble iron, 
.loosely bound iron, or protein-bound iron. Non-^ 
hemoglobin iron is not the total iron reserves 



but rather iron in transit from one part of the 
body to txnothcr. Siderophilin (transferrin) is 
a fi globulin which loosely binds nonhemoglobin 
iron during its transport. Only about one-third 
of the available siderophilin is normally - bound 
to iron. This is the serum -iron. The remaining 
unsaturated siderophilin constitutes 60 to 70 per- 
cent of the available sidcrdphjilin. This unsati|- 
rated siderophilin is the unsaturated* Iron-binding 
capacity (UIBC) or latent iron-binding capacity 
(LIBC). Serum iron plus the'UIBC is the total 
iron-binding capacity (TIBC) of scrum? Scrum 
iron expressed as a percentage of total iron-^ 
binding c^^ty is th^ percent saturation. 

, Serum irpn 



TIBC 



X 100 = percent saturation 
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5-16. Quantitation of scrum iron involves first 
splitting, off Jhe iron from its carrier protein. This 
is usually done with hydrochloric acid (AFM 
1 60-49, Laboratory Procedures in Clinical 
^Chemistry). Then the proteins are precipitated . 
with trichloracetic acid, and 'the supernate is 
reacted with nitrk acid and potassium thibcya- 
natc*.f or color development. Another method uses 
hot trichloracetic acid which simultaneously re- 
lease's the iron and precipitates^ protein. This 
method continues with reduction' of iron^qsing 
'hydrazine sulfate and color development with 
sulfonated bathophenanthroline. 

5-17. Protein-Bound Iodine. Thyroxine was 
first isolated in 1915. Since 1939 when the. rela- 
tionship of iodine to protein circulating as thy- 
roxine was pre«;nted, there has been an increas- 
ing demand for the determination of thyroxine 
in the clinical laboratory. Iodine exists in serum 
as thyroxine (80 to 90 percent), itrorganic io- 
dine (10 percent), diiodotyrosinc, triiodbthyro- 
^ nine, and diiodothyronine. Thyroxine is the com- 
pound of interest in the evaluation of^ metabolic 
processes involving the thyroid ^gland. Diiodo- 
tyrosiines arc assumed to be precursors ^ of the 
thyroxine molecule. Note the similarities of their 
structural formulas in figure 5. Thyroxine cir- 
culates in loose association with a protein in thd 
i)lood plasma, thus, the term protein-bound 
irodine (PBI)^ ' 

5-18. Early efforts to assay iodine as a mea- 
sure of thyroxine were inadequate because of a 
la<;k of suitable chemical reagents. The methods 
developed ovet*^ the years have been many and 
varied. All chemical analyses for FBI do have 
certain aspects in common. They arc: | 

a. Separation of organic iodine or ihybxinc 
from other iodine. 

6.|Digestion of organic iodiril molecules to 
release inorganic iodiife. 
I c. Quantitatior^of inorganic iodine. 

2Q 2 02 




CH2CHMH2CObH 



3,5-Diiodotyrosine 




Thyroxine 

Figure 5. Structural formulas of Diiodotyrosine. and Thyroxiihc. 



5-19. Butanol extraction was an attempt' to 
separate the organic Iodine from^^other iodine 
compounds in serum. Inorganic iodine and the 
diiodolyrosines may be separated from thyroxine 
and the other normal organic iodine compounds 
with n-butanol. This is the butanol-cxtractabic 
iodine or BEI. Organic contamination, such as 
radiographic dyes used in X-ray, are not sep- 
arated from thyroxine 'in bu^nol extraction. 
More recently ion exchange^^esins have been 
used successfully to remove normal inorganic 
iodine compounds. Exchange resins do not elimi- 
nate organid iodine contamination. Precipitation 
of the protein-containing iodine (PBI) wilh vari- 
ous methods involves jnany techniques and modi- 
fications presented over the years. The Somogyi 
precipitpti©^i,^i«iisting of zinc sulfate and so- 
dium hydroxide, ^s'one method used extensively 
at present. Trichloroacetic acid (TCA), tungstic 
acid, and perchloric acid well as the applica- 
tion of heat with certain acids .have been used. 
Radioactive studies on gashed precipitates 




revealed 15 percent r,esiii||p^^ TCA pre- 
cipitates, and 1 percerit ri^l^Jpn Somogyi pre- 
cipitates. Ion exchange tlsmifiowever, remove 
over 99 percent of ndrm^fipfe iodine levels 
fromf^rum and rec^tiirc^g^^perabljrless effort, 
5-20. After organic iqi^l^ separated, it must 
be treated to release ii|<^M|icl iodine for quan- 
titation. Generally, pr^MiJS for PBI employ 
acid digestion (wet l^pn) or incineration 
(dry ashing) for this^^^pse. The ^original wet 
digestion methods r^gffid' distil to obtain 
inorganic iodine f^i^^tititation. Modifications 
using permangana^e^^p^lpr acid, and chromic 
acid have beeh infMM^d for direct quantitation 
without distillatiof^^p^; normal values of some 



, direct procedures filHpen reported to be higher 
than dry ashing t|||p'p|tijcs. Residual inorganic 
iodine in certain |^Mn^ precipitates could ac- 
coiyit for the ii?|i®i^fcl values. Normal values 
are ||BneralIy 4 >g. vi/100 ml., but this 
varies somewhat ||pnding upon the technique 
and geographic stSillij- 
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5-21. Alkaline incineration, or^dry ashing Ms 
by fir the mafnual' method most, extensively used 
for PBI determinations. Dry ash * techniques, in 
general follow. Barker's modification of an earlier 
report. Recent modifications ^ use ion exchange 
resins initially to prepare the scrum. A Somogyi 
precipitated protein-abound iodine is washed and 
sodium carl^pnate, is added to reduce loss of 
iodine during incineration. The mixture is dried 
and incinerated at 600 ±: 25^ C for 2 to 3 hours. 
The residue is dissolved in acid and quantitated, 
using the ceric-arsenious acid "teaction. Thyroxine 
recovery experiments have indicated recovery, 
values of 93 V— 3.7 percent with 'the Barker 
dry ash procedure. . , 

5-22. So far in PBI ^analysis we have con- 
sidered ' methods for separating the organic io- 
dine and digestion of the organic residue to 
release inorganic iodine. The final 'general 
consideraticyy is (Quantitation of released iodine. 
All methods in use at present^employUhe ceric-'^ 
arsenious acid reaction for colorimetric determi* 
nation of iodine frdm PBI., This reaction involves^ 
reduction of yellow-colored eerie ions to\ colorless - 
cerous ions by arsenibms acid through the 'cata- 
lytic effect of iodide^ ions. There is a linear rela- 
tionship between reactioimime and iodide concen- 
tration. The rate of reactioft or change \n\ 
density rather than a final >gtdble optical density 
determines the concentration^thus obtained! Tim- 
ing intervals between O.D. reaciings becomes an 
important factor in this colorimetry. For thi^ rea- 
son, the number of^ assays determined at \ one 
time depends upon the manual dexterity of \ the 
technician. 

5-23. h is impossible y) dis<:uss PBIs withS 
mentioning the ever-presen^ problem of coyntar 
nation. Probably no other test is more prone 
contamination than the PBI. Contamination^ ma> 
come from the patient. This exogenous iodine^ 

' may result from radiopaque dyes ustd in cho- 
lecystography, ^urography r^r myelography; iodi- 
nated - amoebicides; vaginal suppositories con- 
taining diiodohydroxyquin and iodothiouracil; 
tinctures of iodine, merthiolafte, mercurochrome; 
or the use of ''all weather" suntan lotions con- 
taining iodine. Inorganic iodine contamination 
may also result from technicians who collect spec- 
imens after working with Gram*s stain, or LugoPs 

' solution. Water used in PBI analysis is often a 
source of contamination. It must be glass redis- 
tilled iknd deionized before use. All glassware 
must be scrupulously cleaned in chromic acid 
and thoroughly rinsed. 

5-24. Problems in PBI analysis often defy ex- 
planation. Manual methods are tedious, time-con- 
suming, and often frustrating. Proficiency depends 
upon so many controlled and uncontrollable cir- 
jcumstanccs. A janitor may innocently mop a 



floor with required disinfectant resulting in enor- 
mous and lotig-la^ing residual iodine contamina- 
tion. Mercury is often spilled and not retrieved, 
leaving its^nhibitory effect Nessler's teagent^ay 
be used and thereby contaminate either the speci- 
mens, glassware, or reagents. 

5- 25. One of the most exciting advances in au- 
tomation for the clinical Chemist was *the intro- 
duction in 1964 of a completely automated sVs- 
teif) for PBI. This was accoitiplished with an^ 
auto^nalyzer. A partially automated system was 
developed in 1963. The original semiautomation 
resolved time-reaction problems by introducing a 
constai^jt-moving stream of the ceric-arsenite re- 
actants. Reactants were automatically added to 
the stream in constant proportion, mixed, heat- 
developed, and read photometrically at constant 
Intervals. The serum was pretreated with ion ex- 
change resins to remove inorganic iodine: Com- 
plete automation was subsequently achieved with 
aiji. automatic^ prdtein digestor module. A mix- 
ture of perchloric, ^ulfuric,/and nitric acid forifns . 
the dige$tion reagent. The acid reagent is fed 
automatically into a spiral, grooved glass helix 
rotating on electric heating' rods. Heat and acid 
effectively digest the serum protein, releasing^ 
iodine. Then, the colorimetry of the former par- 
tial automation is applied automatically ^o the 
digest as it' is aspirated from the protein digestor 
module. A screening run at. 120 specimens/hour 
identifies contaminated specimens. These are re- 
moved and the uncontaminated specimens are 
run at 20/hour for quantitation. Contaminated 
specimens cannot be run with other specimens 
because dtie such specimen will contaminate the 
system for the following 4 or 5 specimens.' 

6, Hormones r> 

6- 1. A hormone is a chemical substance pro- 
duced by an endocrine gland,' i,e.» a gland of in- 
tecnal secretion. One exception to this definitioa 

lis the placenta which produces hormones, but 
\which is aot strictly speaking an endocrine gland, 
^ou are undoubtedfy aware that it is. placental 
:nadoti;ppin .which you measure in pregnancy 
testing. The purpose of a hormone is to control 
the functional ^activity ^f another part of the body. 
For example, certain hormones secreted by the 
pitifitary gland control thyroid activity. The ef- 
fect of hormones is measured indirectly in the 
laboratory in p'raclically every test that is pcr- 
foriiied. For example, a blood glucose result re- 
flects the activity of the adrenal and* pituitary 
glands. This was explained in a previous chap- 
ter concerning glucose. The purpose of the pres-* 
ent discussion, however, is to point out that a 
more direct approach is lyssible by studying and 
evaluating endocrine functions, ^pecifically, each 
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hormone or group of hormones can be directly 
assayed in the laboratory. Two major classifica- 
tions discussed here are st(froid hormones' and 
pituitary hormones. 

6-2. Steroid I|ormoiies. The group of jjbrmones 
known as steroid hormones are charapcrized by 
the ring configuration shown in figure 6^ This 
particular 17-carbon atom structure is known as 

^ the cyclopentenophenant^rene ring. (Note the 
similarity to cholesterol described earlier in this 
course. In fact, all^ adrenal steroid hormones are 
derived from cholesterol.) The assay of steroid 
hormQnes is of considerable, medical interest im 
the study of certain functional disorders. Unfor- 
tunately some of these analyses are beyond the 
capability pf the average medical laboratory. A 
clear understanding t>f these" tests and their limita- 
^tions is essential for proper interpretation of your 
technical responsibilities. The following is a brief 
FCview of steroid hormones and the methods of 
analysis available to clinical laboratories. 

6-3. Estrogens. Included are estradiol,, estrone, 
cquilenin. and estriol. An assay of the individual' 

' estrogens is seldom of clinical importance; hence, 
total estrogens only are considered. Estrogens ^re 
formed in the ovaries, the adrenal cortex, and 
the placenta. They are secreted mainly in the 
urine as glucuronidates and sulfates'. Estrogens 
are usually assayed by vaginal <cytologic examina- 
'-tion which i^ an estimation of the estrogen ac- 
tivity. Bioassay, cploj-jffnelric, and fluorometric 
Methods are either nonspecific or toT) involved to 
be performed in a clinical laboratory. Decreased 
cstrog9h levels lead to sexual immaturity in the 
female. Increased values are most commonly as- 
sociated with tumors of the ovaries. 

6-4. Progesterone. Formed in the corpus 
lulcum of the ovary, its concentration closely 
parallels the development, activity, and regressioa^ 




Fiijurc 6. Slruciurc of the cyclopcntcnophenanthrcnc 
ring. 



of. the corpus luteum. It is also formed in the 
adrenal cortex as an intermediate compound in 
the biosynthesis of adrenal corlicoids. The reduc- 
tion product, pregnanediol ([Progesterone is 
always excreted as the glucuronide. ot pregnane- 
diol in the urine), is the form which is normally 
analyzed. In suspected cases of congenital adrenal 
hyperplasia, the assay of an intermediate prod- 
uct, pregnanetriol, may be important in differ- 
entiating ^this disease from other adrenal cortical 
disorders. 

6|||^. Androgens. The testicular androgen, tes- 
tosterone, is not normally excreted in the urine 
but is metabolized to androsterone, epiandros-* 
terone, and 1 1-hydroxyandrosterone (the prefix 
iso is sometimes used instead of epi) which are 
normally found in the urine as sulfates and glu- 
curonides. The remainder of the urinary andro- 
gens are androsterone and dehydroepiandros- 
terone of adrenal cortical origin." In males 
approximately, one-third of the Urinary androgens 
are formed in the testis and two-thirds are pro- 
duced by the adrenal cortex. In females the an- 
drogens are formed solely in the adrenal cortex. 
Androgens are assayed clinically by the urinary 
1 7-ketosteroid procedure. The method is not spe- 
cific for androgens, however. 

6-6. Corticoids, Referred to^ as horttiohes of 
the adrenal cortex proper, or corticosteroids, over 
40 members of this group have been isolated, 
but only a few are biologically active. The cor- 
ticoids help regulate protein, carbohydrate, and 
fat metabolism, and water and electrolyte balance. 
The above classes of hormones are formed- from 
the same basic compounds. (acetates) which form 
cholesterol. Cholesterol^ is thpught to be con- 
verted to the adrenal cortical hormones by one 
of several complicated enzymatic pathways. These 
hormones arc all basically similar and their sep- 
aration sometimes depends upon lengthy extrac- 
tion procedures with subsequent colorimetric 
analysis. Procedures for 17-ketosteroids and hy- 
droxycorticosteroids are normally used to assay' 
adrenal cortical hormones. Shown in table S is a 
list of steroids which are of particular interest jn 
an evaluation of adrenal cortical function and 
which react in one of the common corticoid 
assays. * 

6-7. The procedure used for 17-ketosteroids 
assays the androgens (androsterone, epiandros- 
terone, dchydroepiandrosterone) and the nonan- 
drogcn etiocholanolone py the Zimmerman reac- 
tion. In the Zimmerman reaction, 17-ketosteroids 
produce a red color in alkaline solution with m- 
dinitrobenzene. Urine sugar levels of more thali 
1+ will inhibit this reaction, causing low values. 
The 17-ketosteroids can-be further divided into 
alpha and beta fractions, the beta- 17-ketosteroids 
being, precipitated by digitonin, whereas the 



^ Table 5 

Steroid HoRMONies Related to Cortical Function 



Steroid 



Synonyms 



Reaction 



Cort icosterone 



Compound B 



1 1 -Dehydrocort icosterone 



Compound A 



11 -Dehydro- 17 -hydroxy cort icosterone Cortisone 



Compound E 



17'Hydroxy, 17'kG* 



1 7 -Hydro^xy cort icosterone 



Hydrocortisone 
Cortisol 



C'21 Compounds 
Compound F 



17-Hydroxy> ll-KG 



11 -Deoxycorticosterone 



17- Dydroxy- 11- Deoxy cort icosterone 


Compound S 


17-Hydroxy , 


17- 


KG 


Cortol / 




17-KG 






Cortolone > . 


17-Xfi 


Xet rahydrooort ison^ 




17 -Hydroxy , 


17- 


KG 


Tet rahydrohydrocorti sG^ne^ 




17-Hydroxy , 


17- 


KG 


Pregnantriol ^ 




17-KG 






Aldosterone 

f ^ 1 




17 -Hydroxy Progesterone 




17-KG 


n 




17-Hyc/^roxy Preghanolone 


17-KG 



*17-KG = 17-Ketogenic steroids analysis 
17-Hydroxy = 1 7 --Hydroxycort icosteroids 



alpha are not The alpha- 1 7-kctostcroids normally 
predominate (85 to 95 percent), consisting of 
androsterone and etiocholj^nolone, while the beta 
fraction is present in only small amounts and 
consists of epiandrosterone and dejiydrotepian- 
drosterone. Normal urine values for neutral 17- 
ketosteroids are as follows. Children: daily output 
in the* urine for childixn to 6 years of age is 
less than 1 mg. Values rise gradually until adult 
levels are reached at 12 to 18 years of age. Adult 
female: the usual range for the adult female is 
5 to 15 mg./24 hours. Adult male: 8 to 25 
mgV24 hours. Values for 17-ketosteroids are 
diminished \n hypopituitarism, pituitary tumors, 
hypogonadism, Addison's disease, and certain 
other conditions. Values are .elevated in cases of 
testicular tumors, adrenal hyperfunction, and fol- 
lowing endocrine therapy. When you submit 
specimens for analysis; a 250 ml. aliquote of an 
entire 24-hour specimen is required. The speci- 
men should be collected in a large container 
into which 10 ml. of concentrated hydrochloric 
acid have been placed before collection. This 
acidification during collection of the specimen is 
essential for the preservation of steroid constit- 
uents. As a precaution, tell the patient that the 
jar contains hydrochloric acid and stress the care 
necessary to. avoid injury from the acid. The 
container must be^ conspicuously labeled with a 
danger sign stating the amount oC hydrochloric 
acid it contains. If thc^ container is obt^ed by 
ward personnel, they must also be given instruc- 
tions as to the danger involved. 

6-8.' The Porter-Silber reaction for 77- 
Hydroxy-corticosteroids is the most widely used. 
It is a reaction between steroids and a phenylhy- 
drazine-sulfuric acid reagent to produce a yello>v 
color. The steroids reacting account for about 30 
percent of all the excreted C-21 steroid com- 
pounds. Either high j^rotein or urine sugar levels 
greater than 1+ will interfere with the Porter- 
Silber reaction for 17-Hydk-bxy-corticosteroids. 
Hydrochloric acid is used as a preservative as was 
mentioned for ketosteroids in the previous pi^ra- 
graph. 

6-9. Pituitary Hormon^. The pituitary gland 

IS ;i small (avc^e 1.3 x 1.0 x .0.5 cm.), 
rounded grey body attached to the base of the 
bruin. It is often referred to as the "master gland" 
because it regulates many other endocrine ac- 
tivities. The most important group of pituitary 
hormones in man are those which originate in 
the anterior lobe of the pituitary gland. Hormones 
of this group arc known as the adenohypophyseal 
hormones. They include gonadolrophic hormone, 
thyrotophic hormone, adrcnocorticotrophic hof*- 
nione (ACTH), and somatoirophin. Only tlie 
first of ihdsc. gonadolrophic hormone, is com- 
monly assayed directly in the clinical laboratory. 
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The gonadotropic hormone is responsible for 
activity of the ovaries in the femak and sper- 
matogenesis as well as androgen production in 
the male. Actually, the gonadotropic hormone 
is a group of hormones. Included in the group 
are follicle-stimulating hormone (FSH), lutenizing 
hormone (LH), interstitial-cell-stimulating hor- 
mone (ICSH), and luteotrophic hormone (LTH). 
The assay of pituitary gonadotrophin is accom- 
plished by using laboratory 'animals to show one 
or more of the following effects: (1) increase 
in weight of the uterus or ovaries, (2) produc- 
tion of corpora Mutea, (3) increase in weight of 
seminal vesicles, and (4) effect upon estrus which 
is characterized by proliferation of the vaginal 
epithelium. The assay of chorionic gonadotrophin, 
which is secreted by the placenta, is discussed 
under the heading of pregnancy tests later in this 
course. Results of gonadotropic studies are re- 
ported in rt)ouse units. A mouse unit is the least 
amount of estrus-producing hormone which in- 
duces desquamation (sloughing) of the vaginal 
epithelium in a spayed mouse. 

6- 1 0. Catecholanunes and VanyMVIanddic 
Add. The beta catecholamines include two active 
components which have been isolated from the 
adrenal medulla. These- two compounds arc 
epinephrine ( adrenalin ) and norepinephrine 
(noradrenalin). Chemically the catecholamines 
have properties which are similar to aWohols, 
phenols, and amines. Norepinephrine stimulates 
the hypothalmus and the anterior \ pituitary. 
Epinephrine is similar in its pharmacologic and 
chemical properties to norepinephrine except that 
norepinephrine possesses aj n-methyl group and 
does not produce the a^xictyNand apprehension 
* caused by epinephrine. Epinephrine is used 
therapeutically as a yasoconstrictor, cardiac stimu- 
lant, to induce uterine contractions, and to relax 
bronchioles. The synthesis of epinephrine and 
norepinephrine in the body begins with t>yo 
amino acids, phenylalanine and tyrosine. Epi- 
nephrine is produced by the methylation of 
norepinephrine. Catecholamines are metabolized 
principally via methylation to produce 3- 
methoxy-4 hydroxy derivatives. Upon oxidation, 
the methoxyamines produce corresponding acids. 
The major acid produced is 3-methoxy-4 hydroxy 
mandelic acid — also known , as vanyl-mandelic 
acid (VMA). 

6-11. Most laboratories prefer to measure 
VMA in the urine rather than the- catechola- 
mines because VMA is preseqt in significantly 
greater amounts. There are two basic methods 
in general use for the measurement of VMA in 
urine. In the first method, an aliquot of the 
specimen is extracted with ethyl or amyl acetate. 
The extract is evaporated to dryness and the 
residue dissolved in water. This solution is made 



4 




V 




Figure 7. Section of urinary calculus showing 
concentric circles of salt deposition. 

alkaline with K^COh and a Vblor is developed 
with p-nitroaniline and ethanolamine ijn n-amyl 
alcohol. Normal values achieved by this method 
range from 1.8 to 10.8 mg. per 24 I^purs. In 
the second method, VMA is oxidized to vanillin 
which is then extracted and acidified. Vanillin 
is measured photoi;petrically after color develop- 
ment with indoi-phosphoric acid reagent. Normal 
values by the vanillin extraction procedure ran^ 
from 0.7 to 6.8 mg. per 24 hours. Variations 
of these procedures are also used, at least one of 
which is available commercially in the form of a 
kit. Regardless of method, urine must be col- 
lected and maintained at a pH of less than 3.0 
by the addition of acid to the collection con- 
tainer. Remember that appropriate warning must 

s 
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be given to the patient concerning concentrated 
acid. Certain medications, coffee, and some foods, 
particularly those which contain vanilla, are re- 
stricted for a period of 48 hours before collecting 
the specimen. The assay of VMA is i]j:rformed 
to aid in the diagnosis of chromaffin cell tumors 
(so called because these cells stain readily with 
chromium salts), especially extra-medullary 
chromaffin tumors. Slight ejevation of VMA may 
be observed in cases of malignant hypertension, 
but this is usually not to the extent observed With 
a tumorous condition. 

7. Urinary Calculi 

7-1. Analysis of calculi or "stones" from the 
urinary tract or gallbladder are usually performed 
in referral laboratories in the Air Force.- The 
qualitative chemical tiests are easy to perform, but 
require a number of reagents and manipulations. 
The frjsquency of calculus analysis is not sufficient 
to warrant providing the test jn smaller medical 
units. However, technicians in referral labora- 
tories should be aware of the general technique 
to better understand their responsibilities. 
' 7-2. The incidence of urinary calculi in Ameri- 
cans is high in middle-aged and elderly individ- 
uals. Their occurrence ^in any group depends 
upon diet, immobilization (as in paralysis), a 
limited urine pH^nge, or lowered fluid intake 
and the presence of various salts which form the 
-calculi. Calcium oxalate stones and mixed stojijes 
of calcium oxalate and the carbonate or phos- 
phate salt are most commonly found. Next, 
magnesium ammonium phosphate stones are most 
frequent, while uric acid appears in about S per- 
cent of cases. Other compounds mentioned below 
are infrequently present. The nidus or initial sub- 
stance is often organic in nature (epithelium. 
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Figure 8. Relative size and physical characteristics of gall (a and b) and urinary 

calculus (c) stones. 
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Figure 9, Outline for calculus analysis. 



fibrin, bacteria ).v This nucleus can be seen in 
cross-sections of the calculus. Concentric circles of 
salt deposition may also be seen nfiacroscopically. 
The nidus and concentric circles of deposition are 
pictured in^^ure 7. Under optimal conditions 
of salt concentration, 'pH, etc., successive dc^ 
posits of salts are incorporated into a calculus 
atound the nucleus material. Calculi vary in size 
from barely visible to as large as the calyx of 
the kidney. Smaller stones are passed in the 
urine but larger stones must be removed sur- 
gically. You can see the relative size and physi- 
cal characteristics of two gallstones and one ulii- 
nary calculus in figure 8. 

7^ Many schemata for chemical calculus 
analysis are available in the literature. An out- 
line of a complete plan from AFM 160-49 is 
presented in figure 9. In this outline the stone is 
divided and one half is pulverized. Part of the 
pulverized material is subjected to a screening 



flame ,test whiclj identifies the burning charac- 
teristics of certain groups of compounds. Then 
more specific qualitative tests, i.e., nl^slerization 
for ammonium ion, phosphotungstic acid — uric 
acid, etc., identify definite chemical components. 
If sulfa dnigs are present, they are dissolved 
.with boiling alcohol, which is evaporated to dry- 
ness, and the crystal^ ideiitified microscopically. 
Chloroform soluble portions of the remaining 
stone are tested for jndigo, urostealith, and 
cholesterol; then any insoluble residue is exam- 
ined for xanthine, fibrin, and cystine. 

7-4. A chemical method is generally the best 
routine method for calculus analysis. Infrared 
spectroscopy and X-ray diffraction procedures 
have been used with limited success. X-ray dif- 
fraction is advantageof,|sJn the presence of uric 
acid and when the specimen is less>tha0 S mg.. 
However, the cost of an X-ray diffraction instru- 
ment is prohibitive for most laboratories. 
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Toxicology 



POISONS HAVE ALWAYS been of, wide in- 
terest, as reflected in many historical and 
' literary accounts. During the time of the Athenian 
philosopher, Socrates (470^399 B.C.), juice' of 
the hemlock shrub (Conium maculatum) was 
used as a poison to dispose of certain citizens. 
You may recall from liistory that Cleopatra, 
queen of Egypt until 30 B.C., supposedlly died 
from the venom of an asp, and Napoleonv is^^ 
thought to have died of arsenic poisoning. Based ^ 
on a literal (though perhaps incorrect) inter^ 
pretation of Shakespeare, it is concluded that 
one of Shakespeare's char|cters was poisoned by 
the rather unlikely manner of having the poison 
poured into liSs ear while he slept Recent studies 
of archeological material suggest that the decline 
and fall of the Roman Empire may have been 
caused by mass lead poisoning. The aristocracy 
used lead utensils for cooking and, as a regplt, 
may haye suffered physical and menfal deteriora* 
tion. , 
^ 2. In more modem times fact and fiction have 
been quite well separated, largely because of^ 
scientific laboratory analyses. It is now possible to 
detect poisons in the j^^mains of persons who 
have been dead hundreds of years. The study 
of poisons and their effect on the human body^^^ 
is called toxicology. This is a sophisticated branch 
of clinical chemistry encompassing areas well be* 
«yond the scope of the average Air Force clinical 
laboratory. Isolation of poisons from biological 
material can be very difficult, particularly if they 
are present in low concentrations. There are so 
many different chemicals which . could be 
cpnsidered that some systematic approach is 
necessary in the laboratory. Usually the average 
hospital laboratory tests for just a few specific 
substances ordered by a physician. If this is not 
the case, some useful method of laboratory classi- 
fication is essehtial. One classiHcation is the 
Gradwohl modification after Stas-Otto, in which 
poisons are categorized into six groups. Group I, 
volatile poisons, includes alcohols, cyanides, 
phenols, kerosene, etc. Group II, acid-ether ex- 
traction group, includes salicylates, barbiturates, 
etc. Group III, alkaline-ether extraction group, 
includes morphine, amphetamine, etc. Group IV, 



' heavy metals, includes metals such as arsenic and 
mercury. Group V, gases, is comprised of com- 
pounds such as carbon monoxide. Group VI, 
miscellaneous, is made up of those which do not 
fit into any other group. Grouping provides a 
practical approach by which each of the vwious 
poisons may be isolated and separated. For ex- 
ample, the volatile ^oup would be separated 
from other substances by steam distillation. 

3. Only a few toxicology studies will be dis- 
cussed in detail in this chapter, namely those' 
having a very general application and usefulness. 
Famiyarization ^ith areas discussed here will 
prove of value at a time when implementation of 
seldom-used emergency procedures can prevent 
confusion and inaccuracy. However infrequently 
a procedure is performed, the technician should 
have a high degree of conHdence andtproficiency.> 

8. Routine Toxicology in Air 
Force Laboratories 

8-1. Aspirin, alcohol, and carbon monoxide 
are so prevalent that every hosj^ital labofatory 
should have chemistry procedures available to 
test for them. Toxicology tests provide the phy- 
sician with information useful in one of three 
situations. First, it may be clinically desirable to 
establish therapeutic levels of certain drugs in the 
blood. In some instances the therapeutically ef- 
fective level is close to the dangerous or toxic 
level. Hence, laboratory dat^t must be accurate 
and timely. Second, diagnosis may depend upon 
ruling out the effect of drugs. For example, 
physiological or behavior changes due to a braia 
tumor, encephalitis, etc., can sometimes be con- 
fused with the effect of drugs unless the latter 
is ruled out or confirmed by^ the laboratory. 
Third, the possibility of accidental or intentional 
overdose of toxic substances may require treat- 
ment. Children frequently suffer accidental poi- 
soning from drugs (or other chemicals) within 
their reach, especially aspirin. Also of particular 
interest to nearly all clinical laboratories is the 
blood alcohol which will be discussed at some 
length in this section. 
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8-2. Medico-Legal Aspects of Blood Alcohol 
Tes^j. One of the characteristically vague areas 
of the clinical laboratory is that which is con- 
ccr icd with the legal (forensic) aspects of labora- 
tory procedures. Of the medico-legal problems 
whicl\ could involve the laboratory, proof of 
intoxication is one of the most likely. It is not un- 
common for a commander to refer someone to 
the hospital for a sobriety evaluation. The term 
"sobriety" refers to a clinical* opinion \yHich only 
a physician should render. A blood alcohol test 
result ra* usually part of the contributing evidence 
in a sobriety evaluation; yet in reporting a blood 
alcohol test result, the technician is not stating 
whether the patient is or is not intoxicated. You 
should clearly understand the difference between 
a **sobriety" test and a **blood alcohoFV^st. The 
former implies clinical opinion which a laboratory 
technician is not professionally qualified to render. 
When you receive a i;cqucst for a blood alcohol 
determination, you must be careful to observe 
precautions which are more or less unique to a 
legal situation. Sometimes, blood alcohol studies 
do not have a special legal meaning. For ex- 
ample, an unconscious patient may appear to be 
intoxicated when he is in reality suffering from 
injury or disease. In this case, the medical officer 
may request a bfood alcohol test for diagnostic 
purposes. If possible, to resolve any question 
about the legal implications, the technician should 
communicate directly with the physician. If the 
case involves the rights of the patient as a citizen 
rather than purely diagnostic factors, certain con- 
siderations become significant. These considera- 
tidns are discussed in the folku^ing paragraphs. 

8-3. It may prove important that the request 
to perform the test is valid. Hospital policy makes 
it clear in most cases who may order laboratory 
procedures and how this is accomplished. 
^Ordinarily a request does not have to be in 
writing. At the time i test is ordered, a medical 
officer will probably state whether or not the 
f ase has legal significance. If the results of the test 
are to be considered for admission as evidqpce in 
a court, it is vital to protect the rights of the 
individual. Rights include those guaranteed by the 
5th Amendment of the Constitution and reit- 
eu-ated in Article 31 of the Uniform Code of 
Military Justice. These rights must not be dis- 
regarded. How much responsibility do you have in 
protecting the patient's rights? Should you draw 
the blood specimen and perform the test for 
which you have an order; or should you be con- 
cerned with legal responsibilities? Unfortunately, 
there is no simpi© answer to this question which 
can be set forth in a career development course. 
A technician is expected to follow all existing 
policies and directives as well as exercise^ good 
judgment commensurate with his training and 



cKpeJ^ence. Law experts recognize that circum- 
stances vary with each case, and this is, in fact, 
a reason for the time-consuming and expensive 
proceedings of military and civilian courts. The 
underlying reason, of course, is to protect both 
society and the rights of the individual. A tech- 
nician who follows local policy and docs not at- 

Cjcmpt decisions for which he has no authority 
is on safe ground. In some medical facilities it is * 
policy for the person who draws the specimen tb 
inform the patient of his rights under Article 31 
of the UCMJ. Failure to do so would place 
laboratory evidence in a highly questionable light 
with regard to admis^bility in court. 

8t4. a laboratory employee should never draw 
blo#d against the patient's will unless he is specif- 
ical^ ordered to do so by competent authority. 
Then^he should be aware of the patient's possible 
legal reaction to his act and be prepared to 
prove that drawing the specimen was legally ac- 
ceptable and right Insofar as possible, try to an- 
^^ticipate the various possibilities and find out in 
advance what is required. Those in a nonsuper- 
visory capacity should be particularly careful to 
keep their supeiVisors informed of circumstances 
surrounding medical-legal situations. Supervisors 
will undoubtedly^^nsult the Staff Judge Advo- 
cate in all cases of doubt. 

8-5. When you draw a specimen, do not use 
alcohol as a skin cleansing agent (remember that 
all tinctures are alcoholic solutions by definition). 
If analysis is based on a reduction procedure, 
other reducing substances like acetone should not 
be used either. This is not so much a matter of 
probable contamination as one of- technical doubt 
which may be raised in evaluating the results. 
You may use aqueous iodine or aqueous mer- 
thiolate before venipuncture. 

8-6. Security is another consideration. The 
specimen must be labeled and secured so that it 
cannot be tampered with or confused with an- 
other specimen. A locked box which is kept in 
the refrigerator is useful for this purpose, pro- 
vided access to it is controlled. It is usual pro- 
cedure to maintain a chain of custody receipt 

'^hich is a log showing how and 'by whom the 
specimen is handled from the time it is drawn 
until the test is, completed. If the specimen is 
mailed, it should be sent by registered mail. 

8-7. All readings and calculations must be 
checked and verified according to the existing 
policies of the laboratory concerned. Both a 
standard and at least one control must be run 
wfth a conscious effort to avoid cross-contamina- 
tion. Records of the procedure sHould be kept 
to provide a concise and complete account of the 
analysis. You may need to refer to these records 
at a later date if you are called upon to testify 
in court. 
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8-8. Reports of a blood alcohol determination 
are to be kept within proper channels. Results are 
normally given only to a medical officer or to 
someone designated by the commander. Reports 
of a blood alcohol t^st are never released out of 
medical channels by laboratory personnel with- 
out specific authorization to do so. Careless han- 
dling of a report may result in considerable dif- 
ficulty and compromise. Questions concerning 
disposition of reports are referred to the hospital 
registrar by the labors^ory supervisor. The results 
should be clearly designated as mg^ml. mg-%, 
properly dated, and signed. The time lapse be- 
tween drawing a specimen and completing the 
test may in some instances affect legal accepta- 
bility of the results. We will discuss specimen 
stability later in this section. Keep in mind that 
any official report is a potential item of evidence 
in a court of law. Toxicology studies, and par- 
ticularly blood alcohol tests, are the most likely 
items Xor legal Consideration. 

8-9. Chemistry and Physiologjlcal Effects of 
EthanoL Ethyl alcohol, also known as grain al- 
^ cohol or ethanoi, has the relatively simple chemi- 
cal formula C0H5OH. It has a toxic effect on 
various tissues of the body, especially the liver, 
if it is ingested in significant quantities over a 
prolonged period. Excessive intake in a short 
tune may result in death. Ethanoi is present in 
Alcoholic bevetages in concentrations varying 
/from as little as 3 percent in some beers to 
/ approximately 50 percent in whiskies. A 50- 
percent solution of alcohol is termed 100 proof. 
As suggested in the chapter on gastric analysis, 
alcohol can be absorbed in the^stomach through 
the gastric mucosa as well as in the small in- 
testine. The blood level of alcohol rises more 
rapidly if the stomach i^empty when the alcohol 
is consumed. Alcohol i$ distributed throughout 
the body and can be detected in tissue and body 
fluids, including spinal fluid. Less than 10 percent 
of /the alcohol ingested appears, in the urine, 
' as it is steadily oxidized in liver and kidney 
tissue to carbon dioxido and water. 

8-10. The metabolic process of breaking down 
alcohol is as follows. First, C2H5OH is trans- 
formed into acetaldehyde, CH3CHO, which is 
' then oxidized. Blocking the chemical oxidation 
of acetaldehyde at this point can be accomplished 
with drugs like disulfiram ("Antabuse"). The 
resultant accumulation' ol acetaldehyde causes ex- 
treme nausea and 'may be effective as a means 
of discouraging alcoholic intake. Acetaldehyde 
is normally converted to acetic acid, CH3COOH, 
also known as ethanoic acid. Acetic acid then 
enters a metabolic cycle, resulting in final oxida- 
tion to carbon dioxide and water with the release 
of a significant number of calories. In the process 
of the breakdown of alcohol, other organic sub- 
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stan^^Vlay be formed in small amounts which 
are destructive to kidney and liver tissue^ Al- 
cohol is excreted in the urine as noted ab^e, 
but not to any great extent. Most of the alranol 
in the blood is reabsorbed in the kidney tiS^les. 
Some is exhaled in vapor form from the luags, 
a phenomenon which makes possible tbe^ so- 
called balloon test for analyzing the alcohol level 
of breath. The balloon test is rarely used any 
more as an index of intoxication, and it is n^t 
used at all in the Air Force. 

8-11. It cannot be stated precisely at which 
level the person's physical or emotional condi- 
tion changes. As a general rule, at a blood level 
of less than 50 mg-% (0.5 mg./ml.) a person 
is asymptomatic. Coordination, physical control, 
and emotional stability deteriorate a§ the blood 
level rises; at a blood concentration of 150 mg-% 
(1.5 mg./ml.) a person is considered "under the 
influence." Interpretation is, of course, a matter 
of clinical judgment as noted previously. Based 
on actual observations, ^approximately 50 per- 
cent of the population will show clearly ob- 
servable signs of intoxicsition at a blood level of 
150 mg-%. At least 80 percent of all individuals 
with a blood level of 200 mg-% appear to be 
intoxicated as the term is normally used. That 
is, their conduct and physical coordination are 
significantly affected. At blood levels of 300 mg. 
per 100 ml. of blood, few drinkers are able to 
control themselves. There is onset of coma at 
approximately 400 mg-%, from which some do 
not recover. Blood levels above 500 mg-%. are 
nearly always fatal. 

8-12. The effects of alcohol at levels le^ than 
those which ai-e fatal are well known to most 
people. The overall effect is that of a depressant. 
Prolonged use of alcohol results in liver damage, 
commonly described as alcoholic cirrhosis. There 
are many associated symptoms of physical de- 
terioration in chronic alcoholics, including vitamin 
deficiencies. Inability^ of the liver to excrete 
porphyrin in the bile may result in abnormal ex- 
cretion of urinary porphyrins. Lipids in the urine 
(lipuria) may also result from alcoholism. In acute 
alcoholisni, there is^ a moderate rise in the serum 
amylase level, as well as an abnormal glucose 
toleranc^ curye. A hypoTi^k: condition known as 
histotoxic hypoxia may ala) result. This is char- 
acterized by lack of oxygerv available to the tis- 
sues. Many symptoms of alcohol poisoning are 
similar to those resulting from other toxic sub- 
stances such as lead, organic solvents, etc. Ethyl 
' alcohol is least toxic of the alcohols. 

8-13. Methyl alcohol (methanol, wood al- 
cohol), CH3OH, is far more toxic than ethanoi. 
Blindness and death may result from any signi- 
ficant intake of methyl alcohol. There is very 
little physical difference between ethanoi and 
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methanol, which frequently results in the mistaken 
yse of methanol. The two can be distinguished 
chemically, a problem which could be presented 
to a clrnical laboratory if there is ^ome question 
of whether a sample is methyl or ethyl alcohol. 

8*14. L4iboratory Tests for Etfaanol. Alcohol is 
usually assayed in Air Force laboratories either 
by gas chromatograpjiy or by chemical tests, in- 
iCiuding those which use a diffusion principle and 
those which use an enzyiVie. Other means of 
analysis, including aeration and distillation, are 
rarely, if ever, applied. The Leifheit method, de- 
scribejl in AFM 160-49, is based on the follow- 
ing principle: alcohol is diffused from the speci- 
men into a solution of potassium dichromate in a 
diffusion chamber, shown in figure 10. The hex- 
avalent chromium of dichromate is reduced by^ 
alcohol to trivaient chromium, resulting in a 
change of color from yellow to green. The in- 
tensity of the coloV developed ^n th.e acid dichro- 
mate is proportional to the concentration of 
alcohol. Reduction is illustrated as follows: 

, :KXr..O-=f8H.S04-h3G..H-OH 2K..SO^-h 
3CH3COOH + llH^b-h2Cr.(SOj).^ 

Potassium dichromate-sulfuric acid solution is 
known as Ansties reagent. It should be stored in 
a brown, glass-stoppered bottle and handled with 
care. If a cilrve is used to calculate results, re- 
member there will be some variation in O.D. 
readings each time Ansties reagent is prepared. 
For this reason it is preferred that a standard 
be run with each test. A standard is available 
through medical suj^ply channels. A positive con- 
trol may be prepared from dilutions of ethanol. 
A negative control is also run through the same 
procedure as the unknown by substituting dis- 
tilled water for the blood specimen. Ansties rea- 
gent is used as a blank to obtain a 100-percent 
T reading with ^ the spectrophotometer. 




Figure 10. Diffusion chamber. 



8-15. , Alcohol is by no means the only sub- 
stance which will reduce Ansties reagent. The 
presence of medications, ketone bodies, and lac- 
tic acid also reduces it. However, blood which 
reduces dichromate to the equivalent of 50 mg-% 
or more of ethanol almost certainly contains 
alcohol. The patient^s plasma should be checked 

, for acetone" to rule out ketonemia before a 
specimen is reported as positive for alcohol. 
Blood does not normally contain alcohol and, 
therefore, readings equivalent to even 5 or 10 
mg-% if reported would imply alcoholic intake. 
In practice it has been shown that values of this 
magnitude can be obtained by the dichromate 
method af|er the patient has eaten certain foods. 
By the same reasoning, it might be shown that 
values of 150 mg-% could actually be slightly 
less or slightly greater. To resolve this problem 
you would establish- confidence limits using pooled 

^ serum containing alcohol. The criteria described 
in volume I for a quality control system apply 
very well in this instance. A competent labora- 
tory technician would also recognize contamina- 

, tion as a source of error in this procedure, since 
many substances reduce dichromate. Contact be- 
tween Ansties reagent and aluminum foil used to 
seal the chamber is a possible source of^error. 
It is imperative that all glassware be chemically 
clean. Care is also required in handling the inner 
chambers (vials) which contain the blood. They 
must not be placed on a contaminated ^counter 
top and then immersed in the An^lies reagent. 
If there is any doubt about .whether a particular 
substance wkll reduce dichromate, you cai\ easily 
discover the answer by experimenting. 

8-16. Whole blood is usually the specimen of 

^ choice, with lithium oxalate as the anticoagulant. 
If it is tightly stoppered, a blood specimen is 
known to be stable for at least 5 days under 
refrigeration. Deterioration of the blood may ele- 
vate the results because of the accumulation of 
reducing agents. Evaporation of alcohol will, of 
course, lower results. The diffusion chamber must 
be tightly covered to avoid loss of alcohol. (The 
inner vial is never covered.) An autoclave is 
usually used to facilitate the diffusion of the al- 
cohol, but decompression must be slow enough 
to avoid boiling the Ansties reagent. The reac- 
tion mixture should tHbn be allowed to cool be- 
fore it is read in the spectrophbtometer because 
optical properties of a solution vary with its tem- 
perature. 

8-17. Salicylates. Aspirin, also known as acetyl 
salicylic acid, h the most frequently used of all 
medications. It is also the most common cause 
of poisoning in children between the ages of 
I and 4. Salicylic acid itself is too irritating to 
be used internally. Therefore, it is used_thera- 
pcutically as derivat^ives of salicyilcacid or 




organic acids. You can see th^^-^spirin is an ester 
of acetic acid by examining /j^j^re 11. Compare 
the structure of salicylic acid "methyl salicy- 
late (oil of winter green), weU^^W^own for its ef- 
fects as a ]ocaL4rptant. Salicylates^, affect the cen- 
tral nervous System, specifically th^J^ypothalamus, 
and by so doing control body tenipcraturc. The 
hypothalamus of the brain acts a^, ,a biological- 
thermostat. Drugs, such as sallcyjt^tes, which 
control this mechanism are cMed ^^ipyreiics. 
Salicylates also^ depress the central liervous sys- 
tem ,and thereby relieve pain. Hence^;! they are 
also termed analgesics. Salicylates have^'a signifi- 
cant stimulating effect on respiration, .causing an 
inccease in oxygen consumption and CO:> pro- 
duction. Salicylates accomplish this by 'directly 
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stim^ting respiratory centers in the medulla. 

^18. If the intake of salicylates is excessive, 
the effects >4can be profound. Initially, there is 
respiratory alkalosis due hyperventilation. This 
is characterized by dn increase in the blood pH 
and a decrease in the pCO:> of the plai^Ki. 
Bases are then lost in the urine, causing the. 
blood pH to return to normal. This is X)nly a 
stage of the process and is referred to as "com- 
pensated respiratory alkalosis." Changes in acid- 
base balance described thus far are experienced 
even at therapeutic levels of salicylates. Persons 
with blood levels above 50 mg-% usually show 
toxic symptoms. Toxic doses cause increased 
pCOj of the plasma and increased loss of bicar- * 
bonates, thus shifting to a condition of metabolic 
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acidosis. Impaired renal function caused by salic- 
yla^ through vasomotor depression permits the 
accumulation of organic acids. Their effect on 
pH is in addition to the existing^ respiratory 
acidosis which results from COj accumulation. 

8-19. In summarizing th^ physiological re- 
sponse to salicylates, it can be said that there, are 
two opposing effeqts. They are respiratory alka- 
losis from increased respiration and respiratory 
acidosis from increased COj production. Meta- 
bolic acidosis from impaired renal function and 
loss of 'bicarbonate contribute to the problem of 
respiratory acidosis. Various metabolic effects of 
the salicylates are recognized with respect to thf 
following metabolic activities: 

a. Oxidative phosphorylation.. Salicylates in- 
hibit ade^nosine -triphosphate (ATP) dependent 
reactions. I 

b. Carbohydrate metabolism. Many T^ors 
function here, in. some cases lowering mbod 
sugar levels, and in others causing hyperglycemia. 

V. Nitrogen balance. There is a decreased 
synthesis and an increased breakdown of amino 
acids which result in a ^negative nitrqgen balance. 

d. Fat metabolism. Salicylate^ enhance the 
breakdown of tissue fatty acids and inhibit their 
synthesis. 

e. Enzymes. Salicylates decrease the activity 
of a number of enzymes. 

Besides the metabolic effects, salicylates affect 
endocrine functions, particularly the adrenal me- 
dulla, adrenal cortfcx, and the thyroid gland. 
Salicylates are usually used for analgesis or anti-^ 
pyresis, as^ previously suggested Dangerously 
high blood levelj^ lead to coma and death. Since 
the patient may appear only slightly affected dur- 
ing the first few hours following ingestion, labora- 
tory studies may be important in diagnosis ,as 
well as in following the blood salicylate level. 

8-20. Laboratory Test for Salicylates. In the 
most common laboratory procedure for salicy- 
lates, a red-purple iron complex is formed be- 
tween salicylates and ferric nitrate in acid solu- 
tion. The test ' is often performed upon an 
ethylene dichloi'ide extract of serum, though ei- 
ther serum or urine may be used directly. A 
standard is prepared from salicylic acid. Acidi- 
fied fel%ic nitrate produces a small amount of 
color with normal serttfari. The extent of this 
color may be determiapi with salicylate-free 
serum and subtracted from the O.D. reading of 
the unknown; or the standard may be prepared 
in salicylate-free serum. Normally, theres are no 
salicylates in blood or urine. However, aspirin is 
so widely used it cannot be assumed that blood 
which may be available in the laboratory is free 
from salicylates. The specimen of choice is serum. 
Plasma may be used providing the concentration 



of sodium oxalate does not exceed 6 mg. per ml. 
The test described does not detect the acetylated 
ioxtfy of salicylic acid. For this reason, aspirin can- 
not be used in preparing standards. The reaction 
measures free salicylic acid resulting from the 
body's conversion of acetyl-salicylic acid. The re- 
sults are expressed as mg. sodium salicylate per 
100 ml. of specimen^ because sodium salicylate 
is used as the standard. If it- is necessary to re- 
port t^e result in terms of salicylic acid, the fol- 
lowing conversions based on 160 and 138, the 
respective molecular weights of sodium salicylate 
and^licylic acid, can be applied; 

itig. sodium ^ ili / i\ot.\ 
Salicylate/ 1 00 ml. ^ T60 "'^^^ 

= mg. salicylic acid/ 1 00 ml. 
mg. salicylic 160 
acid/100 n^\. T38 ^''^^ 

=r mg. sodium salicylate/ 100 ml. 

8-21.Xrarbon Monoxide (CO). More deaths are 
caused by carbon monoxide poisoning th^n by 
any other substance except alcohol. Pure carbon 
monoxide is flammable and colorless. It is also 
Odorless in concentrations below 70 percent in 
the pure form. Faulty stoves and furnaces, and 
the internal combustion engine are the most 
common sources of accidental carbon monoxide 
poisoning. The possibility of carbon monoxide' 
poisoning is always a factor of great importance 
in the investigation of aircraft accidents. It is 
inevitable that most Air Force medical labora- 
tory technicians become involved in this problem 
at one time or another. Therefore, every techni- 
cian must know ^at least the elementary aspects 
of carbon monoxide poisoning and how it is de- 
>tected. When it is inhaled, carbon monoxide com- 
bines with hemoglobin to form carboxyhemoglo- 
bin. This imparts a bright, cherry-red color to 
the blood. Because hemoglobin has a much 
greater affinity for carbon monoxide than for 
oxygen, carbon monoxide replaces oxygen and 
thereby causes anoxia.* It is possible to displace 
carbon monoxide which is attached to the hemo- 
globin molecule with^ oxygen; therefore, a person 
suffering from carbon monoxide poisoning may 
be revived if he is given oxygen before respira- 
tory arrest and coma ensue. 

8-22. Blood levels above 40 percent carbon 
monoxide are nearly always fatal. At blood levels 
less than 40 percent, symptoms may vary from a 
slight headache to vertigo, ringing in the ears, 
and ^evere head pain. There are usually no 
symptoms at blood levels less than 5 percent be- 
cause of carbon monoxide in the atmosphere, 
0 to 5 percent is considered normal. A heavy 
smoker's blood normally contains about 8 per- 
cent carbon monoxide. For this reason his bl6od 
provides an ideal high normal control on CO 



33 



nc 



ERIC 



analyses. Children'^ and individuals witk a low 
hemoglobin are more susceptible to catbon 
monoxide poisoning than are healthy adults. 
Both the concentration of the gas in the atmo- 
sphere and the time of exposure are also factors 
to be considered' in predicting the physiological 
response. . • . ^ 

8-23. Determination of Carbon Monoxide in 
Blood. As stated in the preceding paragraph, the 
cherry-red color of blood suggests carbon mo- 
noxide' poisoning. The actual blood level may be 
determined by any one of several methods, the 
ost reliable being gas chromatography. Thare 
are also various screening tests in use,, the sim- 
plest being a dilution test for the detection of 
carboxy hemoglobin. In this procedure, the blood 
is diluted with water so the solution appears a 
faint pink. A solution of 20 percent NaOH is 
then added and quickly mixed. If the blood con- 
tains less than 20 percent' carboxyhemoglobin, 
the pin^c color rapidly disappears and the solu- 
' tion becomes yellow. Persistence of -the pink 
color for more than a few seconds indicates car- 
bon monoxide levels abo^g5^20 percent. This test 
is simple and specific for carbon monoxide. How- 
ever, the time element is critical. A delay in color 
change fiom pink to yellow after more than a 
few seconif^ following addition of the NaOji is 
considered a negative test. A negative control 
should be run for contrast. 

8-24.^ Another common and somewhat more 
"difficult screening procedure is the palladium 
method. Carbon monoxide, acid-liberated from a 
blood sample, reacts with palladium chlpride in a 
mierodiffusion cell, causing the re]t|^e of me- 
tallic palladium which forms a "mirror" pn the 
surface of the reagent. The palladium procedure 
is outlined in detail in AFM 16(^-49. Methods 
using the spectrophotometer have al30 been 
devised; 

8-25. A spectrophotometric method tilay be 
used for deteifmining carbon monoxide which in- 

* votves Sodium hydrosulfite reduction of a blood 
sample which has been diluted with 0.4 percent 
ammonia. Oxyhemoglobin is completely reduced 
in the presence of sodium hydrosulfite, whereas 
carboxyftemoglobin is not reduced. The optical 

. density quotient is determine^-from readings at 
two different wavelengths arfd the percentage of 
carboxyhemoglobin is then read^from a prepared 
curve. Whenever it^ is necessary to prepare a 
standard curve, carbon monoxide may ^be gen- 
erated and" used to saturate a blood sample from 
which dilutions can be prepared. Generation 
must be carried out in a hood, using , all* neces- 
sary precautions. Keep in mind that carbon mo- 
noxide is dangerous, A gas generator is set up 
by mounting a separatory funnel containing for- 
mic acid (85 to 90 percent) over a ^^cnted Er- 



lenmeyer flask containing concentrated sulfuric 
acid maintained at 60° to TO^'C. The formic acid 
is allowed to drop into the sulfuric acid slo^^ly, 
and the resultant gas. is passed first through dis-* 
tilled water to remove impurities, then through 
anhydroiis calcium chloride to dry, and finally, 
into the flask containing the blood to be satu- 
rated. 

8- 26. In addition to the methods described, 
both the Van Slyke apparatus and the Natefson 
microgasometer *may be used for carbon monox- 
ide studies. Regardless of method, the specimen 
to be used is oxalated blood. It is usually stable 
until grossly hemolyzed or deteriorated. A few 
days' delay, as may be encountered in mailing 
the specimen, should not affect the results sig- 
nificantly. Confirmation of result? by a reference 
laboratory may be desirable, especially after air- 
craft accidents and in medico-legal cases. 

9. Special Toxicology Studies 

9- 1. The classification presented in this section 
* is a very brief synopsis of the Gradwohl modifi- 
cation and by no means adequately covers the 
complex science of toxiocplogy. Students who 
desire more detailed information may refer to a 
textbook of toxicology. Qualitative differentiation 
of toxic substances must not be oversimplified, 
especially if the analysis is performed on body 
tissue instead of on an isolated Chemical. Inter-, 
ferenccs and lack of specificity can easily lead to 
erroneous conclusions when toxicology tests are 
performed by inexperienced personnel, 

9-2. Volatile Poisons. On occasion,* even the 
small Air Force laboratory may be called upon 
to perform toxicology tests for volatile substances 

' other than alcofiol or refer them to a .consultant 
.laboratory. It is sometimes necessary to prepare 
an acid distillate such as is needed for rapid/ 
spot tests. A portion of tissue (e.g., 100 g. ofr 

( brain) is homogenized in a cold Waring, blender. 

' The homogenate is then transferred to a, Flor- 
ence flask together with a rinse of approximately 
100 ml. of distilled water. To thS mixture 225 g. 
of ammonium sulfate and 5 ml. concentrated sul- 
furic acid is added. The fiask is connected to the 
distillation apparatus illustratcdrin figure 12. 

a. Volatile reducing substances. The purpose 
here is usQally to rule out the presence of sub- 
stances which might give a false-positive test for 
cthanol. Anstics reagent will react with ethanol, 
methanol, acetaldchyde, formaldehyde, and ace- 
tone. Procedures for differentiation can be found 
in a textbook of toxicology. 

b. Cyanides and sulfides. Cyanides may be 
. absorbed in alkali and converted to cyanogen 

chloride. The cyanogen chloride is reacted with 
mcthyl-phenyl pyrazalonc to form a blue color. 



J 



34 



2 IS 



VENT^ 



AIR VENT 




ICE BATH 



STEAM SOURCE 



Figure 12. Distillation apparatus. 

Sulfides may ^ also be detected by conversion to If chlojrinated hydrocarbons are present which 
bismuth sulfide or by the formation of a color ' have more than one chlorine atom, a pink color 

complex with picric acid. If 5 ml. of acid dis- develops within 1 to 3 if{inutes. The sensitivity 

tillate are made alkaline with sodium hydroxidi, of this procedure in detecting quantities in the 

the presence of cyanide can be detected with a distillate is as follows: 

few drops of saturated picric acid. The appear- ..... 

. , ' . Carbon tetrachJonde 0.10% 

ance of a red color when the mixture is heated < Trichloroacetic acid . 0.05% 

gently for 10 minutes is considered a positive Trichloroethylene 0.01% 

test. Chloral hydrate 0.005% 

Halogenated hydrocarbons. This group in- ChJofoform ^ 0.04% 

eludes carbon tetrachloride, trichloroethylene. Both positive and negative controls should be 

and chloroform. They may be separated by a run. 

microdiffusion principle. A popular means of Phenols. Chemicals with the characteristic 

detecting halogenated hydrocarbons involves the phenol structure may be detected by the forma- 

Fujiwara reaction. In this reaction 5 ml. of acid tioh of insoluble tribromphenol. In one test, suf- 

distillate are added to 1 ml. of redistilled pyri- ficient saturated bromine water is added to 5 ml. 

dine. After the addition of 1 ml. of 10 percent ojf acid distillate. In the presence of phenols, a 

NaOH,' the mixture is boiled for a few minute! rather heavy yellow to white precipitate forms. 
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The test detects as little as 0.002 Jjercent phenol 
and 0.02 percent naphthol in the distillate. Otfier , 
phenols are also detected, including %esol. * 

9>3. Bafbiturates, Acetanilid, and Phenacetiif. 

Barbiturates are widely used as- prescription drugs 
to depress the central nervous system. After 
acid-ether extraction, barbiturate derivatives may 
be identified based on their reaction with c6balt 
acetate and isopropyl amine. Phenacerin (liceto- 
phenetidin) and ' acetanilid have analgesic and 
antipyretic activity. Phenacetin is an ingredient 
in APC compound (which also contains acetyl- 
salicylic acid ♦and caffeine). Both give a positive* 
indophenol * test and can be* distinguished by 
means of the isonitfile test, which is positive for 
acetanili^l^ut not for phenacetin. 

9-4T^Alkaloids; This^group can "be extracted 
with alkaline-ether and includes strychqine, am- 
phetamines, morphine, and many others. Dif-^ 
ferentiation is quite pivgjlvecP^nd difficult. How- 
,ever, there is a rapid test which may be 
performed on urine to detect large doses of 
alkaloids in general. A reagent^ for this purpose 
is prepared as follows. 

Mercuric iodide (redj 3 g. 

Potassium iodide 2 g. 

Glacial acetic acid 20 ml. 

q.s. to 60 ml. with distilled H^O 

Five to 10 drops of the mercuric iodide reagent 
are added to a few milliliters of urine in a te^t 
tube. The immediate appearance of a slight tur- 
bidity means there are either albumin or alka- 
loids present. The tube is heated gently for dif- 
ferentiation. If turbidity is due* to alkaloids, the 
precipitate; completely dissolves upon heating. 

9-5. Heavy Metals. Each of the heavy metals 
Is tested for separately. Most significant arc ar- 
senic, mercury, and lead. Of these, lead may| 
have special significance to environmental healtli| 
laboratories. Lead is a very common metal used^ 
in petroleuifi additives, storage batteries, ammu- 
nitions, etc. You are encouraged to investigate ^ 
procedures for the determination of heavy met- 
als and also the special instructions issued by 
xeference. laboratories regarding referral of speci- 
mens for heavy metal studies. Special attention 
is necessary to avoid contamination in the case 
of urinary lead studies. 

9-6. Tissue. Tissue specimens should be frozen 
solid in dry ice. Great care must be taken to 
avoid contaminating tissue specimens with form- 
aldehyde, as it interferes with various toxico- 
lo^ical studies. Specimens which may be sub- 
mitted for study include bone marrow, hair, 
brain, muscle, and, in fact, practically any body 
tissue or body fluid. If fluid is aspirated into a 
container at autopsy, the container and appara- 
tus must be free from interfering contaminants. 




Specimens taken should be adequate. Remem- 
ber, it is always tetter to submit tdb muchr 
specimen to a consultant laboratory than too 
little. A list of suggested specimens ai^ the 
amount to ^jubmit for analysis is presented in 
tabic 6. These and other toxicological specimens 
.ma^ be forwarded to the United States Air Force 
Epidemiological Laboratory, Air Force Systems 
Command, L-ackland Air Force Base, Texas. If 
more practicable, specimens may also be sent to ^ 
the appropriate^ regional laboratory having the 
capability to^praorm' toxicological studies.' In ad- 
dition to the specimen, a pertinent history is 
required. This could save many days unneces- 
sary testing. Tissue 'specimens are best pre- 
served, Avith few exceptions, with dry ice. If an 
^utpptj^is performed, one-half brain specimen, 
500 g. hver, one whole kidney, and all available 
blood and urine, must always be forwarded. For 
addkriodal instructions consult AFR 161-17, 
' Environmental Health, Forensic Toxiqolegy, and 
Radiological Health Professional Support. Func- 
tions. In cases of aircraft accident fatalities,' ajl 
facilities must .send fixed and frozen specimens 
for toxicological examination directly ^to *the< 
Armed Forces institute of Pathology,' 
ton, D.C. in stccotdance with /VFR 16()^5il/,^> 
Armed Forces Institute of Pathology andi Ai 
c Forces Histqpathology Centers, 

10. A Review of the Actions 
of Poisons 

- 10-1. As you kno^from the previous dis- 
cussion and from^yo^^^wn experience, ^a poison 
is a substance wbien may produce death, serious 
illness, or harl^ful effects when it is introduced 
into the body in a relatively small quantity. In 
concluding this chapter, let us bricfiy consider 
some basic concepts in toxicology, particularly 
with reference to the general effects of poisons 
on the body. We haye already considered in 
ssomc detail the* specific effects of such poisons as 
alcohol, carbon monoxide, and salicylates^ 

10-2. The effects of poisons may be local or 
remote tnd some poisons Joaye both d local and 
remote effect. Local effect means direct action 
^n the part to which the poison is applied, such 
as corrosiofi and irritation; remote effect means' 
the action of the poison on some organ remote 
from the scat of application or point of introduc- 
tion. Sometimes a poison shows no effect or only 
a slight one, until several doses have been takcn^ 
Then an effect is produced which nearly equals 
that produced by taking the whole amount' at 
one time. This is known as cumulative effect, 
10-3. The effect of a poison depends not 
solely' on its concentration, but its^ solubility, the 
method of its introducti0fr\ito the body, and 
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Table 6 
Collection and Submission of 

TOXICOLOOICAL SrECIMENS 



Poison Suspected 



Specimen 



Minimum Quantity 



Alcohol . . . . * 

Alkaloids 

Antihistamines . . . 

Barbiturates 

Lead 

Mercury 

Arsenic (chronic) 
Arsenic (acute) . . 



Other metals, 



Volatile poisons 
Inhaled poisons . 
Unknown 



Bromides . T . , 
Salicylates 
Cyanides . . . . 
Fluorides . . . 



Carbon Monoxide. 
Meprobamates . . . . 
Drowning 



Blood; brain 

Urine 

Urine 

Urine ; serum 

Urine ; kidney . 

Kidney 

Hair. . 

Stomach contents; 

vomitus 

Stomach contents ; 

vomitus 

Brain 

Lung 

Vomitus 

G.I. Contents 

Liver 

Kidney 

Blood. i 

Urihe . . ^ . 

Brain 

Serum 

Serump 

Stomach contents 

Stomach contents; 

urine ; vomitus 

Heparinized blood....- 

Urine 

Right atrial blood... 
Left atrial blood. . . . 
The drowning water. . . 



^10 ml ; 500 grams 
250 ml 
250 ml 

250 ml; 10 ml 
250 ml ; 500 gm . 
1 kidney 
S ^m • 

All available 

All available 

500_gm ✓ 

1 lyng S 

All available 

Stomach, small intestine 

500 gm 

1 kidney 

50 ml 

All available 
1 lobe 
5 ml- 
5 ml " 

All available 



All available 

10 ml 

100 ml 

•10 ml 

10 ml 

20 ml * 



the rapidity of its absorption into the system. 
The method of introduction may determine its 
toxicity. For example, snake venom taken into 
the mouth and perhaps even into the stomach 
during first-aid treatment of snakebite is not or- 
dinarily harmful, but snake venom injected hypo- 
dermically is extremely poisonous. 

10-4. There are various wkys in which poi- 
sons may be introduced into the body, the most 
common being by mouth, inhalation, and injec- 
tion. Poisons taken. by mouth enter the circula- 
tion through absorption from the stomach and 
intestine and, those inhaled enter the circulation 
through the air passages and lung^. When they 
are introduced by hypodermic injection, poisons 
enter the circulation through absorption from 
the body tissues. If the injection is intravenous, 
the poisons are introduced directly into the 
bloodstream. Poisons may also be introduced by 



application to open wounds and to the unbroken 
skin. After entering the circulation, a poison is 
carried by the blood to the tissues and organs 
susceptible to its action. 

10-5. Most of the lelimination of poisons from 
the body takes place in the kidneys, lungs, liver, 
gastrointestinal tract, skin, and salivary glands. 
Poisons may, be excreted from the system un- 
changed or in the form of other compounds into 
which they have been transformed by the action 
of the various body organs'and tissues. The most 
damaging effects of some poisons are found at 
the points of excretion, as in the kidneys and 
colon in poisoning by mercuric chloriidc (bi- 
chloride of mercury). 

1 0-6. Various conditions of the individual may 
modify the actions and effects of poisons on the 
body. The age of the person makes a ^eat deal 
of difference, young children being far more 
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susceptible to poisons than adults. Conditions 
caused by poisons vary because of personal idio-* 
syncrasy; that is to say, some persons by nature 
are unusually sensitive to certain poisons, while 
others possess a natural tolerance for certain 
poisons that is not the result of habitual use. 
Through habitual use of certain poisons, espe- 
cially the narcotics, most persons may become 
so accustomed to their effects that they are not 
poisoned when taking doses that would ordi- 
narily prove lethal in the unaddicted. It occasion* 
ally h4>pens, however, that continual external 
use of chemical substances results in hypersensi- 
tivity. 

10-7. The actions of poisons may con- 
siderably modified by disease, some diseases in- 
creasing and others lessening the action of poi- 
sons. In the latter case, large doses are usually 
required to produce the desired effect. 

10-8. Poisoning may be either acute or 
chronic. Acute poisoning is the condition brought 
on by taking one overdose of a poison. Chronic^ 
poisoning is the condition brought on by taking 
repeated doses of a poison or as the result of 
the absorption- of the poison over a long period 
of time. Many industrial workers, instrument as- 
sembly technicians, fuel handlers, and painters 
are some of the occupational groups subject to 
chronic poisoning. You, as a laboratory techni- 
cian, are also exposed tb a variety of poisonous 
chemicals. 

10-9. Poisons may be classified according to 
their mode of action in a manner similar to the 
presentation in Section 9 of this chapter. Al- 
though of limited use in the clinical laboratory, 
a clinical classification is helpful because it de- 
scribes how poisons act For exj^mple, poisons 
may be described under the headings of corro- 
sives, irritants, neurotics, and gases. 

10-10. Corrosives* Corrosives are substances 
which , rapidly destroy or decompose the body 
tissues at point of contact. When they are in- 
gested, there is immediate burning pain in the 
moiith with severe burning pain in the esoph- 
agus and stomach. Swallowing is Very difficult, 
respiration is impeded, and vomiting is inevi- 
table. Examples are strong acids and alkalis. 

10-11. Irritants, Irritant poisons are those 
agents which do not directly destroy the body 
tissues but set up an inflammatory process at the 
site of application or contact. Some examples are 
potassium nitrate, zinc chloride, zinc sulfate, fer- 
rous sulfate, silver iiitrate, arsenic, iodine, and 
phosphorus. General symptoms include nausea, 
vomiting, and purging (frequently the vomited 
matter and stools contain blood), and pain and 
cramps in the abdomen. In some cases, there is 
inflammation of the nrfnary tract. 

10-12. Neurotics, Neurotids arc poisons which 



act on the brain, spinal cord, and the central 
nervous system. Some examples are opium, hy- 
drocyanic acid (prussic acid), ether, chloroform, 
aconite, strychnine, belladonna, ethyl and methyl 
alcohol, LSD, and the barbiturates. Symptoms 
may be\ divided into two subclasses: 

a, Depressdnts, which produce symptoms 
characterized by a period of exhilaration fol- 
lowed by drowsiness and stupor, slow and ster- 
torous t^eathing, cold, clammy skin, cyanosis, 
slow pulse, muscular relaxation, dilated or con- 
tracted pupils, and insensibility to external im- 
pressions.! 

b, Exciiants, which produce symptoms char- 
acterized ny rapid and feeble pulse, delirium, 
hot and dry skin, a sense of suffocation and the 
inability to\ breathe, shuddering and jerking of' 
muscles, dilated or contracted pupils, disordered 
vision, and sometimes convulsions and tetany (as 
in the case of strychnine poisoning). 

10-13. Gaseous Poisons. These are poisons 
present in the gaseous state which, if inhaled, 
destroy the oxygen-carrying property of the 
^lood. 1"hey irritate the tissues of lungs and air 
passages, and, if in contact with the skin oi; 
mucous men)branes, are highly irritating. Symp- 
toms include irritation and corrosion of the res- 
piratory tract, with resultant bronchitis, and irri- 
tation of the ej^es,!. mouth, stomach and kidneys. 

10-14. Food Poisoning. This chapter would be 
incomplete without at least menftioning food poi- 
soning. You will, of course, yftudy this topic in 
greater detail in a subsequeni volume relating to 
microbiology. Food poisoning can cause acute 
attacks of illness in more men in a short time 
than any other agent. The term "food poisoning" 
is conv/cntionally divided into two types, food 
intoxication and food infection. 

a. Food intoxication is due to a specific toxin 
produced outside tt)ie body, for example, the toxin 
of botulism. Other organisms also_^ cause food in- 
toxication by producing toxins, the exact nature of 
which is imperfectly understood. These toxins arc 
formed under suitable conditions usually by 
Staphylococcus, occasionally* by Streptococcus, 
and rarely by colifoi^m and Proteus species.^. 

b. Food infection usually is caused by a spe- 
cific group of organisms, namely the Salmonella 
group, and occasionally by the dysentery group. 
Gastrointestinal distress, nausea, vomiting, diar- 
rhea, urticaria, and circulatory and nervous dis- 
turbance^ are the general symptoms of food 
poisoning" and they may vary from mild discom- 
fort to violent disturbances of normal fiinctions 
of the body.^ In more severe forms the neuro- 
logicti^ymptonis may overshadow the gastroin- 
testinal symptoms, followed by relapse. Death 
is ysusilly due to respiratory paralysis, cardiac 
failure, or secondary pneumonia. 
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This workbook places the materials you need where you need them while you 
arc studying. In it, you will find the Study Reference Guide, the Chapter Review 
Exercise^ and their answers, and the Volume Review Exercise. You can easily 
comparc'textual references with chapter exercise items without flipping pages 
back and forth in your text. You will not misplace any one of these essential 
study materials* You will have a single reference pamphlet in the proper sequence 
for learning. 

These devices in your workbook arc autoinstructional aids. They take the 
place of the teacher who would be directing yoOr^ogress if you were in a 
classrqom. The workbook puts these self-teachers into one booklet. If you will 
follow the study plan given in "Your Key to Career Development," which is 
in your course packet, you will be leading yourself by easily learned steps to 
mastery of your text. 

If you have any questions which you cannot answer by referring to "Your 
Key to Career Development" or your course material, use ECI Form 17, "Student 
Request for Assistance,"*identify yourself and your inquiry fully and send it to 
ECI. 

Keep |Jie rest of this workbook in your files. Do not return any other part 
of it to ECI. 
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STUDY REFERENCE GUIDE 



1. Use this Guide as a Study Aid, It emphasizes all important study areas of this volume. Use 
the Guide for review before you take the closed-book Course Examination. 

2. Use the Guide for Follow-up after ypu complete the Course Examination, The CE results 
will be sent to you on a postcard, which will indicate '^Satisfactory" or ''Unsatisfactory" comple- 
tion. The card will list Guide Numbers relating to the items missed. Locate these numbers in the 
Guide and draw u line under the Guide Number, topic, and reference. Review these areas to 
insure your mastery of the course. 



Guide 
Number 

Guide Numbers ^00 through 311 

300 Introduction to Kidney Function Tests; 
Retention and Excretion Tests; pages 1-4 

301 Clearance and Concentration-Dilution Tests; 
pages 4-9 

302 Introduction to Gastric Analysis; Basic 
Anatomy and Physiology of the Stomach; 
pages 10-13 

303- Laboratory Procedures in Gastric Analysis; 
pages 1 3-14 

304 Introduction to Special Chemistry Tests; 
"^ferral Chemistries: General; 
Electrophoresis; pages 15-19 

t 

305 Referral Chemistries: Chromatography; 
Serum Iron and Iron-Binding Capacity; 
Protein-Bound Iodine; pages 19-22 



Guide 
Number 

306 Hormones; pages 22-26 

307 Urinalry Calculi; pages 26-27 

-\ 

308 Introduction to Toxicology: Routine 
Toxicology in Air Force Laboratories: 
General; Medico-Legal Aspects of Blood 
Alcohol Tests; Laboratory Tests for Ethanol; 
pages 28-31 

309 Routine Toxicology in Air . Force 
Laboratories: Salicylates;' Chemistry and 
Physiological Effects of Ethanol; Laboratory- 
Tesit for Salicylates; Carbon Monoxide (CO); 
Determination of Carbon Monoxide in 
Blood; pages 31-34 



\ 34-36 



310 Special Toxicology Studies; pages ; 

311 A Review of the Actions of Poisons; page$ 
36-38 
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' CHAPTER REVIEW EXERCISES 

The following exercises are stud^ aids. Write your answers in pencil in the space provided after each 
exercise. Immediately after completing each set of exercises, check your responses against the answers 
for that set, {)o not submit your answers to EQ for grading. 

CHAPTER 1 

, Objective; To demonstrate an understanding of the purpose, principle, procedure, and calculation for each of 
the conunon kidney function tests. 

1 ^ Li$t four major functions of the kidney . (Intro 1 ) 



2. In which part of the kidney does most offhe selective reabsorption occur? (Intrcl ) 

V 

3. list three major physiological factors which play a role in normal kidney activity. (Intro.-2) 



,1 



4. List four major categories of kidney function tests. (Intro.-3) 



5. Describe the action of urease on urea. (1-2) 



6. What is the purpose of SPS in the BUN method of Gentzkow and Masen?(14) 



7. a. In the BUN procedure using Nessler's reagent, what chemical constitutent reacts with mercuric 
iodide to produce a color? 
6. What is the most probable cause of turbidity in the reaction mixture? 
(1-5) 



8. Why is a Somogyi filtrate suggested as preferable to a TCA filtrate in the BUN procedure of Gentzkow 
and Masen?(l-5) 



9. fl. Where does uric acid come from in the body? 

h. What does an elevated serum uric acid level indicate? 
(1.7) 
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10. a. What is the principle of the phosphotungstic acid procedure for uric acid by the method of Henry, 
et al. as described in this text and in AFM 1 6049? 

What is t^e normal serum uric acid level^ ^ 
c. Of what clinical significance is a decreased serum uric acid'^ 
(1-7,8) 



11.^ ,Wliat is the general chemical nature of creatinine? (1-9) 



a. Wstinguish between creatinine and creating. 

b. Ho>^ is creatine assayed? 



13. Why is it unlikely that a patient would receive an overdose of PSP dye?(M3) 



. 9 f 

14. What is the purpose of clearance tests? (2-1 ) 



15. a. Calculate percent (average normal) urea clearance from the following data. Urine nitrogen leVel = 50 
mg-% BUNievel = 0.1 mg./ml. " . 

Why was the urine volume not specified in this problem? 
(2-3) / 



16. Calculatemaximumureaclearance, Cm, from the following data. 
Urine urea nitrogen level = 90 mg./ml. 
Blood urea nitrogen level = 10 mg./ml. 
Urine volume = 100 ml. in 30 min. 
Patient is a child, 3'9" in height. 
Is the result you calculate normal or abnormal? (2-8) 



17. Calculate the maximum urea clearance (C^^) from the following data. 
Urine volume = 75 ml. in 30 min. 
BUN level = 0.08 mg./ml. ^ 
Urine urea nitrogen level = 2.5 mg./ml. 
Patient's height = 5'9". s 
Is this normal? (2-8) 
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1 8 . Calculate the standard urea clearance (C^) from the following data . 
Urine urea nitrogen level = 1 .6 mg./mL ^ ^ 
Volume ol' urine = 50 ml. in 30 mln. 
BUN level = 40 mg-%. 
Patient is 6'2" in height. 
Is your answer normal? (2-8) ' . 



19. (L Calculate minimal urea clearance from the following data. 
Urine volume = 10 ml. in 30 min. 
Urine urea nitrogen level = 6.0 mg./nil. 
BUN level = 0.20 mg./ml. f 

b. Is this normal? . ' 

c. Do you consider this result Iiighly significant? Why or why not? 
(2-8) 



20. (L How would you desgi^be a norm^ Mosehthal concentration test? 

b. How would you describe a normal dilution test following intake of 1500 ml. of water? 
(2-17. 19) 



CHAPTER 2 

Objective: To identify terms relating to the basic anatomy and physiology of the ston^ach; to outline 
the basic steps of a gastric analysis; and to demonstrate a knowledge of tubeless gastric studies. 

1 . " Define each of tjie following. ^ ^ 

- (L Peristalsis 

6. Gastric pits 

c. Fundus 

d. Lamina propria 

e. Pyloric sphincter ^ 
/. Parietal cells 

g, Colunwiar epithelium 

h. Autolysis 
I. Chief cells 
/. Rugae 

(3-2-4) ' ^ 



2. Explain how HCI is formed in the stomach. (3-6) 



3. 



Wiat is the average pH of gastric jtiice? (3-6) 



4. Define cacli of the following. 
0. Vagus 

b. Lipase 

c. Hypoacidity 

(L Gastrectomy ^ 

e. Carbonic acid 
/ llennin 

g. Hyperacidity ' " / ' 

h, Achlorhydria 

f. Pepsin ^ 
(3-5-9) 

' f 

} 

5. 0. How would you define a degree with reference to gastric acidity? 
-6. How does this value relate mathematically to mEq/L? 

c. What is the normal total acidity in a fasting gastric specimen? 
(3-8,9) 



). Sketch three approximation curves showing the relative responses to gastric stimulation in 
hyperchlorhydria, hypochlorhydria, and achlorhydria. Plot degrees of acidity versus time 
(3-10^13) . - 



^ What is the norrtfel color of gastric contents? (4-2a) 

J. How would accumulated blood from an ulcer be recognized?(4-20 

Explain the titration procedure and calculation for combined acidity. (4-3) 



I. if 2.5 ml. of gastric specimen titrates to the sahnon-pink endpoint of Topfer*s reagent with 0.5 ml. 
of O.IA^ NaOH, how many degrees of free HCI are present?(4-3) 



. Name the indicator used to detect free HCI. (4-3) 
. How would you define combined gastric acidity? (4-3) 
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13. fl. How would you describe the color of endpoint in titrating for free acidity? 
b. For combined acidity? . y;. ' 



14. a. How is a tubeless gastric analysis acconqplished?^ 
b. Of what value is this procedure? 
(4-4) 



CHAPTERS 

Objective: To demonstrate an adequate familiarity with special tests and special techniques not normally 
carried out in small medical facilities. 

1. What is electrophoresis? (5-3) 



What happens to a protein frtiction in an electrophoretic system at its isoelectric point? 
(5-4) V 



3; What two factors determine the rate and direction of migration of a partical in electrophoresis? 
(5-4,5) 



4. Name the serum protein fraction in order of fractionation from the positive to negative electrodes 
on -an elfctrophoretic strip. (5-6) - 



5. Name three conditions in which electrophpr^sis is clinically useful. (5-7) 



>r What is ferrohemoglobin solubiUty used for? (5-8) 



7. What are the advantages of cell^pse acetate as a medium in Electrophoresis. (5-10) 



8. Define chromatography. (5-12, 13) 
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9 . What is scrum (plasma) iron? (5*1 5) 



10. What is the advantage in using hot trichloroacetic acid in the procedure for serum iron? (5-16) 

1 1 . What aspects of quantitation do all methods for PBl have in cpinmon? (5- 18)" 



12. What is the purpose of treating serum for FBI with ion exchange resins?(5-19) 

13. State the reaction involved in quantitating iodine by ilie ceric-arscnious acid reaction. (5-22) 

14. Name at least five sources of contamination in the PBl analysis: (5-23. 24) 

15. Whatisahormone?(6-l) 



16. How are estrogens usually assayed?(6-3) 



\ 

\ 



17. Where is progesterone produced in the body? (6-4) 



1^. What are hormones of the adrenal cortex properly called? (6-6) 



1 9 . What is your responsibility as a medical technician in the collection of a 24-hour urine specimen 
for steroid analysis?(6-7) • • 



20. Name at least three tissues which secrete hormones. (6-1-5, 9) 

; 

21 . What is a mouse unit in the bioassay of gonadotropin? (6-9) 
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22. How are steroids and VMA preserved in a 24-hour uririe collection? (6-7, 8^1 1) . 



231 Why are calculi usually analyzed at reference laboratories?(7*l) 



^ CHAPTER 4 

Objective: To demonstrate a knowledge of the properties of, and tests for, toxic substances commonly 
encountered in a hospital situation, and some of the medico-legal problems associated With handling 
toxicology specimens. 

1 . (L Explain the difference between a sobriety determination aqP a blood alcohol test: (8.-2) 

b. If you are asked lo inform an individual of his rights to avoid self-incrimination before you draw 
a blood alcohol specimen, where would you find a concise statement of these rights? (8-3) 



2. May you use tincture of merthiolate to prepare the site of venipuncture when you draw»a blqiod 
alcohol specimen? Why or why no t? (8-5 ) 



3. What is a chain of custody receipt?Why is it important? (8-6) 



4. I>escribe the metabolism of ethanol. (8-10) 



What are some of the physiological effects of alcoholism? (8-12) 



6. 0. How would you describe the basic chemical and physiological differences bet>yeen ethanol and 
methanol? . 
b. What is the percentage concentration of alcohol in 50 proof whiskey? 
(8-9,13) ^ 



7. a What is the principle for the Leifheit (autoclave) method for the determination of blood alcohol? 
h. Referring to the equation for dichromate reduction, which reaction product is responsible for 

the color? ^ 
(8-14) ' 
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0. What is the chemical nature of Anstie*$ reagent? 

b. What is it used for? 

(8-14) 



% Name two substances found in blood besides drugs which could interfere with the reduction of 
Anstie*s reagent. (8- IS) 



10. Why should Anstie's reagent cool to room temperature before the cuvette is placed in the spec- 
trophotometer? (8- 16) 

J r , 

1 1 , How long and under what circumstances can you estimate the stability of a blood sample for blood - 
alcohol determination?(8-rl 6) 



12. 0. Aspirin is described as an antipyretic and as an analgesia What do these terms mean? 
b. How are salicylates able to control body temperature? 

(8-17) 

13. 0. Des4^ribe the chemical nature of aspirin. 

b. How can salicylates be tested for in the laboratory? 
(8-17.20) 



14. a. Etescribe the effect of salicylates on blood pH. 

< b. List some metabolic activities of the body which are affected by salicylates. 
(8-18-20) 



15. Explain why aspirin cannot be used as a standard in the ferric nitrate method for salicylates. (8-20) 



1 6. Convert a salicylate level of 40.0 mg-%.to its equivalent in terms of salicylic acid. (8-20) 



17. a. What are the physical properties of carbon monoxide? 
b. Explain why carbon monoxide is harmful if inhaled. 
(8-21) ' ^ ♦ 
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IS. 0. List three factors which determine how harmful exposure to carbon monoxide may be. 
b. What is the normal CO level of blood? 
(8-22) 

- • . \ 

19. . 0. Describe the principle of the palladium procedure for CO determination. 

b. What effect does sodium hydrosulfite have on oxyhemoglobin? 

c. Name two chemicals which may be reacted to produce carbon monoxide in the laboratory* 
(8-24.25) ^ 



20. A physician requests that a blood specimen be mailed for a carbon monoxide test (your laborajtory 
does not have a carbon monoxide procedure). How reliable would you consider the result after 
the specimen remains at room temperature iii the postal system for 3 days? (8-26) 



21 . Describe a method for preparing an acid distillate such as used for spot tests. (9-2) 



22. a. In the rapid test described for deteotmg urinary alkaloids, what other abnormal constituent 
besides alkaloids gives a positive test? 
& How may these two substances be distinguished? 
(9-4) 



23. To which of the chemical groups of toxic compounds discussed do each of the following belong? 
0. Strychnine 

b. Amphetamine ^ 

c. Chloroform 

d. Arsenic 
(9-2-5) 



24. Distinguish between local effect, remote effect, and cumulative effect as these terms relate to the 
action of poisons. (10*2) 



25. Distinguish between food intoxication and food infection, (10-14) 




ANSWERS FOR CHAPTER REVIEW EXERCISES 
CHAPTER 1 

a Maintenance of acid*base and electrolyte balance. 

b. Excretion of waste products of metabolism. 

c. Maintenance of osmotic equilibrium. 

d Excretion of foreign substances such as dyes, 

Most of the selective reabsorption occurs in the kidney tubules, 

(z. The rate of renal blood flow. 

The activity of the kidney tubules, 
c. The rate^and efficiency of glomerular filtration. 

a. Clearance tests, 

b. Excretion tests. 

c. Concentration*dilution tests. 

d Retention tests, ^ ' 

Urease hydrolyzes urea plus water into ammonium carbonate, 
SPS is a color stabilizer, 
^•fl. Ammonia, NHg. 

b. Turbidity is most often due to the formation of mercury salts from improperly prepared 
Nessler's reagent or contamination, 

A somogyi (zinc hydroxide) filtrate is considered the filtrate of choice since it does not yield 
substances which produce interfering colors upon nesslerization. 

a. Occurring as the end product of purine metabolism, uric acid is a component of the total 
nonprotein nitrogen of the body. 

b. Elevated levels are due to renal disorders, blood dyscrasis, lead poisoning, liver disease, or gout. 

a. Hexayalent phosphotungstic acid is reduced by uric acid to a lower valence in alkaline solution 
with the formation of a blue color. 

b. 4 to 6 mg-%. 

c. No particular significance. 

Creatinine is one of the nonprotein nitrogens containing constituents of blood and has the formula 
C4H7ON3. 

fl. Creatine is the anhydride of creatinine, ' 

b.. First the creatinine is assayed and then the creatine is hydrolyzed to creatinine. Creatinine is 

assayed again and the difference after correction for differences in molecular weight represents 

the creatine level. 
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Because PSP dye is supplied in vials of 1 ml. each, the exact amount injected (some vials may contaii^ 
slightly more to allow for loss in drawing the dye into a syringe). 



14. Gearance tests measure the efficiency with which certain substances are removed from the blood 
by the kidney. 

U 

15. a % clearance = — X 100, 

B 



« 50 

%= — X 100 
100 

% = 50% 

b. The volume of urine is considered in the performance of this procedure by referring to table 1. 
Hence, it does not enter into the calculations. 

16. Cj^ = — XK 

B / 
U =90mg./ml. 

V = 3.3 ml./min. 

Height = (3 X 12) + 9, or 45 inches = 1 15 cm. 

K =2.04 (table 2) 

B =10mg./ml. 

90 X 3.3 

C = X 2.04 

10 ^ 

C = 60.6 
m 

This r-esult is normal. 

■ UV 

17. C = — XK 

B 

U =2.5mg./ml. ' 
75 

V = — or 2.5 mL/min. 

30 

B =0.08 mg./ml. 
K - 1.01 (5'9" = 69" = 175 cm. 
refer to table 2) 

2.5 X 2.5 

C = X 1.01 

m Qg 

C =78mi./min. 

This is normal. 

18. U = 1.6 mg./ml. 

50 

V = — = 1.6ml./min. 

30 

• B ="0.4 mg./ml. 
K = 1 (no correction needed) 1 



s ^ B 



C = U 



C = 1.6 ^^-^^^^ =4(1.25) = 5ml./min. 



» " ' .4 
This is not normal. 



19. a.' V » 0.33, therefore, use factor 0.35. 

U = 6 mg./ml. 
B = 0.2 mg./inl. 

Minimal clearance » 

Minimal clearance = 

b. No. 

c. This result is probably not highly significant because of the low urine output. 

20. d There should be at least 7 points difference between the lowest and highest specific gravity. 

The volume of the specimen collected from 2000 hours to 0800 hours is usually at least 600 
ml., but less th^t 800 ml. In kidney disease the volume of the night specimen is usually greater 
than 600 ml. and the specific gravity at least 1.020. 
b. The specific gravity should be 1 .0P3 or less in at least one specimen and the total volume of urine 
voided should be over 1200 ml. 

CHAPTER 2 

1. tf. Rhythmic action of stomach! 

b. Openings in gastric mucosa. 

c. Domoft top of the stomach. 

d. Tissippeneath gastric glands. . . v 

e. Valve into small intestine. ^ 
/ Cells which secrete HCI. 

g. Column-shaped epithelial cells which line the stomach. 

h. Enzymatic self-destruction. 

/. Ceils of the stomach which secrete an enzyme. 
/. Folds in the stomach. 

2. HCI is formed in the parietal cells of tubular glands from plasma chloride ions and hydrogen ions 
from the dissociation of HgCOg. The cells secrete the acid through gastric pits in the mucosa. 

3. 0.9 to 1.5. 

4. CL Nerve to the stomach. 

b. Enzyme which acts on fats. 

c. Decreased gastric acidity. 

d. Surgical removal of the stomach. 

e. An organic acid which is the source of hydrogen for HCI. 
/ An enzyme which acts on casein. 

g. Increased gastric acidity. 

h. Absence of HCI. 

2. Enzyme which acts on proteoses. 

M 

5. fl. A degree is defined as the amount of acid in 100 ml. of gastric juice which is neutralized by 

' I ml. ofO.WNaOH. 

b. A degree and a mEq/L are numerically equivalent. 

c 15° to 45°.. 



U 

T 

6 

— X 0.35 = 10.5 or 10 ml./ min. (rounded) 
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HTM RCH lOiHTOilA 



H YPOCHlOR»lT0ilA 
ACHlOiHYORiA 



Tim* «n Minutvt 

CRE figiir^ , Answer to Review Exercise No . 6. 
Slightly grey to pale yellow. 

Blood which is not fresh appears dark brown (coffee color) while fresh blood is bright red. The 
accumulated blood may also be detected chemically by the guaiac or benzidine test. 

Titrate 5 ml. of gastric specimen (or some other measured volume) to the pink^red endpoint with 

phenolphthalein indicator. Calculate as follows: 

ml. of Q.iyy NaOH ^ jqq^ 

ml. of specimen degrees combined HCl. 



To compute the degrees of free HCl, substitute in the formula as given in item 9 as follows: 
jf X 100 = 20^ free HCl. 



Topper's reagent (methyl yellow). 

Combined gastric acidity is total HCl minus free HCl, or that portion which combined with organic 
substances. 
I 

fl. Salmon pink. ) 
b. Pink-red, 



14 



a. A dye, such as azure-A attached to an ton exchange resin, is given the patient orally. The amount of 
dye which appears in the uriQeJs measured £s an index of the amoant of HCl which released dye in the 
stomach. 

6. This is generally accepted as a valid screening procedure for determining whether hypoacidity or 
hyperacidity exists. 



CHAPTERS . 

Electrophoresis is the migration of charged particles in an electrolytic solution resulting from an electric 
current flow. . 

A protein fraction in an electrophoretic system at its isoelectric point is electrically neutral and does not . 
migrate. 

Tlie nature of the particle (size, charge) and the pH of the medium determine the rate and direction of 
migration of a particle in electrophoresis. 

The serum protein fractions in order from anode (+) to cathode (-) are albumin, » cij* ^* globuUn. 
Liver diseases, myeloma, chronic infections, and sickle cell anemia. 

Ferrohemoglobin solubility is a cheinical test used to distinguish between hemoglobins "D" and "S" which 
migrate together electrophoretically. 

Cellulose acetate has the advantages of increased resolution, greater speed of resolution, and the necessity 
for only micro quantities of specimen for clectrojrfioresis. / 

Chromatography is the separation of mixtures by the use of their different absorptive properties in a 
common medium. 

Serum (plasma) iron is the clinically significant iron, other than that normally present as hemoglobin, . 
which is loosely bound to siderophilin for transport in the plasma. 

• V 

Hot trichloroacetic acid simultaneously splits the iron from its carrier protein and precipitates the 
protein. 

a. Separation of organic io'dine or thyroxine. 

b. Digestion of organic iodine molecules to release inorganic iodine. 

c. Quantitation of inorganic iodine. 

ion exchange resins remove inorganic iodide. 

The ceric-arsenious acid reaction involves reduction of yellow colored eerie ions tjg colorless^cerous ion 
by arsenious acid through the catalytic effect of iodide ions. 
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14. a. ^diopaque dyes in X-ray. 

b. lodinated amoebicides. 

c. Vaginal suppositories. 

d. Gram's iodine. 

e. Lugol's solution. 

f. Tincture of iodine. 

g. Merthiolate. 

h. Mercurochrome. 

/. • **A11 weather" suntan lotion. 
/. Water in the analysis. 
k. Janitorial disinfectants. 
/. Nessler's reagent. 

m. Spilled mercury. » ^ " 

15. A hormone is a chemical substance produced by an endocrine gland. 

16. Estrogens are usually assayed with vaginal cytologic examination by a physician. j 

17. Progesterone is produced in the corpus lutcum of the ovaries and in the adrenal cortex. 

18. Corticoids. 

19. You must place 10 ml. HCl in the container before collection, label the container as to its content and 
the danger, and instruct the patient or ward personnel concerning the method of collection and danger 
of HCl. 

1/ 

20. a. Pituitary. 

b. Adrenals. 

c. Ovaries. * 

d. Testes. ' • 

e. Placenta. ' 

/. Also thyroid, islets of Langerhans (not mentioned in this section)^ 

21. A mouse unit is defined as the least amount of estrus-producing gonadojrophin which induces 
desquamation of the vaginal epithelium in a spayed mouse. 

22. 10 ml. of hydrochloric acid must be placed in the container before the specimen is collected to preserve 
the steroids and VMA, 

23. Calculi analysis requires a number of reagents and manipulations which are time-consuming in a smaller 
laboratory. In addition, the incidence of calcuU is not sufficient to warrant analysis in all laboratories. 



CHAPTER 4 

1, a. A clinical evaluation of an individual's state of intoxication constitutes a sobriety test. A blood 

alcohol determination is merely a laboratory procedure to determine the level of alcohol in the blood. 
b. UCMJ, Articles!. 

2. No. Tinctures contain alcohol and this is a possible source of contamination. 



J 



2'll 

16 



9 



3. 



A chain of ciistody receipt is a log showing by whom and how a specimen is handled from the time it is 
drawn until the test is run. It is important as evidence that a specimen was properly safeguarded, a factor 
to be considered if the report is used in a court of law. 



Ethanol is transformed into acetaldehyde, CHaCHO. Acetaldehyde is converted to acetic acid/ 
CHaCOOH. Acetic acid is finally oxidized to carbon dioxide and water with the release of energy. 

Prolonged use of alcohol results in liver damage, with all of the associated symptoms^ Other effects include 
motor disturbances, vitamin deficiencies, and porphyuria. Lipuria may also result from alcoholism, and 
there are also toxic symptoms such as hypoxia. Hypoxia is charaet^rized by lack of oxygen available to 
tissues. 

a. Ethanol has the formula C2 Hs OH; methanol is CHa OH. The former is far less toxic in moderate 
amounts, whereas methanol is a potent poison. 

b. 25 percent. 

7. a. Hexavalent chromijim of the dichromate is reduced by the alcohol to trivalent chromium, resulting in 
a change of color from yellow to green. The intensity of the color developed in the acid dichromate is 

proportional to the concentration of the alcohol. 
b. Cr2(S04)3. ^ 

8. a, Anstie's reagent is a potassium dichromate-sulfuric acid solution. 

b. It is used in the reduction procedure for the determination of blood alcohol levels. 

9. Lactic acid and acetone. 

10. Optical density varies somewhat with the temperature. ^ 

11. If lightly stoppered and refrigerated, the specimen may safely be considerfif^staBle for 5 days. 

12. a. An antipyretic reduces temperature and an analgesic relieves pain. 

b. Salicylates act on the hypothalmus, an area of the brain which functions as a biological thermostat. 

^* 

13. a. Aspiriii is acetyl sahcylic adid, a salicylate ester of acetic acid. 

b. Salicylic acid reacts with ferric nitrate in acid solution to form a red-purple iron complex. 

14. a. Salicyates cause respiratory alkalosis from increased respiration following respiratory acidosis from 

increased CO2 production. Metabolic acidosis results froti impaired renal function and the loss of 
bicarbonate. 

b. (1) oxidative phosphorylation, (2) carbohydrate metabolism, (3) nitrogen balance, (4) fat metabolism, 
(5) enzymes. 



15. This test will not detect the acetylated form of salicylic acid. 

Lim^si 



l38 138 

16. mg-% salicylic acid = mg-% aodium salicylate X 40 X = 34.5 mg-% salicylic acid. 
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1 7. 0. Carbon monoxide is a jcolorless, odorless, flammable gas, slightly lighter than air. 

b. Carbon monoxide has a greater affinity for hemoglobin than oxygen has. Consequently, the formation 
of carboxyhemoglobin results in anoxia or unavailability of oxygen to body tissuS. 

18. a. (1) concentration of carbon monoxide in the atmosphere. (2) time of exposure. (3) age and physical 

.condition of the patient, especially his hemoglobin level. 
b. 0 to 5 percent. v 

19. CL Carbon monoxide, acid*liberated from a blood sample, reacts with palladium chloride in a microdiffusion 

cell, causing the release of metallic palladium which forms a ^'mirroj** on the surface of the reagent. 

b. Oxyhemoglobin is reduced by sodium hydrosulfite. 

c. Formic acid and sulfuric acid. 

20. The result should still be reliable if the test is properly performed. 

21. It is sometimes necessary to prepare an acid distillate such as required for rapid spot tests. A portion of 
tissue (e.g., 100 g. of brain) is hemogenized in a cold Waring blender, the hemogenate is then transferred 
to a Florence flask together with a rinse of approximately 100 ml. of distilled water. To this mixture is 
added 225 p. of ammonium sulfate and 5 ml. concentrated sulfuric acid. The flask is connected to the 
distillation apparatus illustrated in figure 12. 

22. A Albumin. 

b. When it is heated the precipitate dissolves completely if it is due to alkaloids. ^ 

23. a. Alkaloids. ^ 

b, Alkaloid^s. / 

c. Halogenated hydrocarbons. 

d Heavy metals. ^ 

24. Local effect means direct action on the part to which the prison is applied, such as corrosion and 
irritation; remote effect means the action of the poison on some organ remote from the seat of application 
or point of introduction. Sometimes, a poison shows no effect or only a slight one, until several doses 
have been taken. This is known as cumulative effect! 

25. Food intoxication is due to a specific toxin produced outside the body such as that produced by 
microorganisms. Food infection refers to the presence of toxic-pcoducing agents in the body and the 
consequent effects of their presence. 
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1. MATCH ANSWER 2. U S E NUMBER 
e if B SHEET TO THIS " PENCIL. ^ 

STOP- EXERCISE NUM- 

BER. ^ 

90411 03 22 

VOLUME REVIEW EXERQSE 



Carefully read the following: 
VO'S: 

1 . Check the "course," "volume," and "form" numbers frorri the answer sheet 
address tab against the "VRE answer sheet identification number" in the 
righthand column of the shipping list. If numbers do not match, take action 
to return the answer sheet and the shipping list to ECI immediately with a 
note of explanation. 

2. Note that numerical sequence on answer sheet alternates across from column 
to column. f 

3. Use only medium sharp - #1 black lead pencil for marking answer sheet. 

4. Circle the correct answer in this test booklet. After you are sure of your 
answers, transfer "them to the answer sheet. If you have to change an answc^ 
on the answer sheet, be sure that the erasure is complete. Use a clean eraser/: 
But try to avoid any erasure on the answer sheet if at all possible. / 

/' ^ 

5. Take action to return entire answer sheet to ECI. 

6. Keep Volume Review Exercise booklet for review and reference. / 

■ / 

7. If mandatorily enrolled student, process questions or comments through ybur 
unit trainer or OJT supervisor. / 

If voluntarily enrolled student, send questions or comments to ECI on /ECI 
Form 17. ^ 

DON'TS: I 

1. Don't use answer sheets other than one furbished specifically for each ji'eview 
^ exercise. 

2. Don't mark on the answer sheet except to fill in marking blocks. /Double 
marks or excessive markings which overflow marking blocks will re^ster as 
errors. 

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet. / 

4. Don't use ink or any marking other than with a #1 black lead pencil. 

NOTE: TEXT PAGE REFERENCES ARE USED ON THE VOLUME 
REVIEW EXERCISE. In parenthesis after each item number oil the VRE 
is the Text Page Number where the answer to that item can be located. 
When answering the items on the VRE, refer to the Text Pages indicated 
by these Numbers. The VRE results will be sent to you on a postcard 
which will list the actual VRE items you missed. Go to the yUE booklet 
and locate the Text Page Numbers for the items missed. Go to the text and 
• carefully review the areas covered by these references. Review the entire 

VRE again before you take the closed-book Course Examination. 
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Multiple Choice 

1. (001) Activity of the kidney tubules c^n be measured by 

clearance and dilution tests. c/ concentration and dilution tests. 

. b. dye excretion tests. . . d. retention tests. 

2. (001) The hydrolysis of urea results in the formation of 

a. ammonium hydroxide. c. ammonium chloride. 
^ b. ammonium carboi^. ^ d. uric acid. 

3. ^ (001-002) The main difficulty in the hydrolysis of ureay^ith Nessler's reagent is in 

• a. color stability. • . c. the formation of mold. 

b. urease instability. ^ ^ d. deactivation of the enzymes. 

4. (002) The normal range for a blood urea ^trogen in milligrams per 100 ml. of who^lood, serum, or 
plasma is ' 1 

a. 8 to 10. c. 14 to 20. " 

b. 10 to 18. * d. L8 to26.'' 

I 

5. (002) Development of a color with the Bcrthelot reaction for the assay of ammonia depends upon the 
dissociation 6f 
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a. ammonia. ' c. diacetyl monoxime. 

b. phenol. d. indophenol. 

6. (002) Which of the following is found in uric acid? ^ 

a. yProtein. c. Ammonia. 

b. Sulfur. d. Nitrogen. 

7. (003) Urine collected for a crcati|une procedure must rtor contain 

a. thymol. ' c. acids^^ 

b. toluene. d. any of the above. 

8 (004) What pef<5ent of PSP dye do normal kidneys excrete in the first 15 minutes after injection? 

a. At least 10 percent. , c. At least 25 percent. 

b. Less than 25 percent. d. At least 65 percent. 

* 1 ' 

9. (004) The efficiency of kidney function is measured by the 9. ^ 

a. concentration test. c. excretion test. 

b. clearance test. d. retention test. • 
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1 0. (005) The formula g X 1 00 is used to calculate ^ ' ^ 

a. maximum urea clearance. ^ c. average n^ffi^ urea clearance. ^ ^ 

b. standard urea clearance. d. minimal iSi|Rlearance. 

11. (005-007) The fori^ula-^^^^^^ where'. 

* 1 73 

K = 7—7 c z is used to calculate 

body surface in square meters 

a. average normal urea clearance. c. maximum urea clearance. 

b, minimal urea clearance. d. standard urea clearance. 

1 2. ( 008) The clearance of creatinine from the blood is primarily an index of 

a. tubular function. c. selective reabsorption. 

b. glomerular filtration rate. d. liver function. 

13. (008) A patient with adrenal insufficiency would probably have a urine output which is 

a. slightly increased. c. ^normal. 

b. significantly increased. d. decreased. 

14. (010) A ban'd of visceral muscle at the bottom of the esophagus constitutes the 

a. cardiac sphincter. c. fundus. 

b. pyloric sphincter. d. pylorus. 

15. (Oil) The surgicd removal of the stomach is known as a ^^^"^ ^ 

a. gastrotomy. c. gastricism. . " 

b. gastrectomy. d. cholecystectomy. 

16. (01 2) A mucoprotein present in gastric juice which is essential for the prevention of anemia is called 

a. mucins P- peptidase. 

b. transferrin. ^ d. intrinsic factor. 

1 7. (012) Most absorption of the products of digestion takes place in the ' 

a. small intestine. c. large intestine. 

b. stomach. colon. 

18. (012) Totad gastric acidity depends upon the presence of 

a. free acid. c- organic acids. 

b. acid phosphates. d. all of the above. 
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19. (012) One degree of HCl is numerically equivalent to 

a. 0.1 mEq/L c. 1.0 mEq/L 

b. l.Omg-%. d. lOniEq/L 

20. (012) Whichof the following is /laf used to stimulate gastric sccretioij? 

a. Epinephrine. ' c. Alcohol. 

b. Insulin. - d. Caffeine. 

21 . (013) Which of the following gastric fluid characteristics would be considered abnormal? 

a. Fecal odor. * c. Slightly grey color. 

b. Pale yellow color. . d. Lack of particulate matter. 

22. (013) The Topfer's reagent endpoint signal is a pH of approximately ^ 

' a. 2.0. c. 5.0. 

b. 3.3. d. 8.5. 

23. (014) Some investigators have proposed abandoning^j^e terms total and free acid and using instead 

a. undissociated hydrogen ion concentration. 

b. titratable acidity. 

c. hydrogen ion concentration. 

d. all of the above. 

24. (015) The migration of charged particles in an electric field dehnes 

a- electrophoresis. c. ddntgpnoresis. 

b.. chromatography. d. Jwphelomctry. 

25. (016) Albumin, , a^. /3. and 7 globulin are electrophoffetic fractions of 

a. hemoglobin. c. amino acid. 

b. serum protein. d. seru ti lipoprotein. 

26. (016) The medium rapidly gaining popularity because of itk advantages for routine electrophoresis is 

a. agar-gel. c. starclj^gel. 

b. paper. d^cpUtuosc acetate. 

27. (019-020) The physical property of absorption is used to separate mixtures in 

a. chromatography. c. electrophoresis. 

b. electrolysis. d. plasmaphoresis. 
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28. (020) The total iron binding capacity (TIBC) of scrum is 

a. UIBC + UBC. c. ser^im iron + UIBC. 

b. UIBC - UBC. cL serum iron + UIBC. 

29. (022) In PBI analysis, the time-reaction problem, speed of analysis, tedium of repetitive analyses, and 
capability for more analyses is effectively solved by 

a. acid digestion. c. dry ashing. 

b. wet ashing. d. automation. 

30. (02^A chemical substance produced by the endocrine gland is caUed 

a. a hormone. an enzyme. 

b. a tyrosine. d. a catalyst. 

3 1 . (023) Pregnanediol and pregnanetriol are reduction products of 

a. testosterone. c. progesterone. 

b. estrogen. . d. androgen. 

32. (023) Androgen are assayed clinically by V 

a. the 17-ketosteroid procedure. c. the androsterone procedure. 

b. measuring testosterone. d. precipitating digitonin. 

33. (024025) For the assay of IT-ketpsterdids. reference laboratories require a urine specimen which is a 

a. randorp specimen. c. 24.hour specimen. 

b. 12-hour specimen. d. 250-ml. aliquote/24.hour specimen. 

34. (025-026) It is preferable to measure VMA rather than catecholamines because of its 

a. simplicity. c. specificity. 

b. concentration. d. normal range. 

35. (026) Which of the following urinary calcuh are most commonly found in elderly Americans? 

a. Magnesium ammonium phosphate. c. calcium oxalate. 

b. ^ uric acid. d. cholesterol. 

36. ,(027) Which of the following could be found in the chloroform soluble portion of kidney stone?^ 

a. Uric acid. c. Calcium carbonate, 

.b. Indigo. ^ d. Fibrin. 

37. (027^ The best routine method for analysis of calculi is 

a. chemical. . ^ c. X-ray diffraction. 

b. infrared spectroscopy. d. pulverization. 
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38. (028) Amphetamine, according to the Gradwohl classification of poisons, is in the 

a. alkaline-ether extraction ^oup. c. .volatile poison groUb. 

b. acid-cther ex traction group. d. heavy metals group. \ 



39. (029) The best guideline in resolving medical-legal difficulties associated with toxicology testing is to 

a. perform your duties conscientiously and not be concerned with legal responsibilities/ 

tf. foUow local policy and when in doubt consult your supervisor and/or the Staff Judge Advocate. 

c. perform only those tests which the patient approves. 

d. follow the physician's writtien request to the letter. 

40. (029) Which of the following may be used to prepare the arm prior to venipuncture for a blood alcohol 
test? 

a. Aqueous iodine. c. Acetone. 

b. Tincture of iodine. . d. Tincture of merthiolate. 

41. (029) The purpose of a chain of custody receipt in handling a blood specii^n is to assure 



a. technical accuracy. c. security. 

b. reproducibiUty . d. a lack of criticism. 

42. (030) Ethyl alcohol is the same as ^ 

a. CH3COCH3. c. aminoethane. 

b. ethanol. ' d. ant«buse. 

43. (030) Most of the alcohol in the blood is 

a. rapidly excreted in the urine. c. reabsorbed in the kidney tubules. 

b. exhaled from the lungs. d. excreted in perspiration. 

44. (03 1) In the dichromate procedure for alcohol, 

a. trivalent chrominum is reduced. 

b. alcohol oxidizes hexavalent chromium. 

c. Anstie's reagent is oxidized to a green colo.r. 

d. hexavalent chromium ik reduced by alcohol to trivalent chromium. 

45. (03 1) Before a blood specimen is reported as positive for alcohol, the patient's plasma should be 
checked for acetone to rule out » 

a. lipuria. e. Ketonuria. . 

b. ketonemia. d. methanol. 

46. (031-032) An antipyretic commonly used therapeutically is 

% 

a. methyl salicylate. c. acetyl salicylate. 

b. .disulfiram. ^ d. lithium oxalate. 
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47. (032) A blood salicylate level of 70 mg-% is considered 

a. subclinical. c. toxic. 

b. therapeutic. d. too low to measure. 

48. (033) Pure carbon monoxide gas is 

a. odorless. c. acrid. 

b. pungent. d. sulfurous. 

49. (034) The most reliable metliod of determining the extent of carbon monoxide in blood makes use of 

a. sodium hydroxide. c. electrophoresis. 

b. palladium. d. chromatography. 

50. (034) In screening a toxicological specimen for volatile reducing substances. Anstie*s reagent reacts with 

a. cynogen chloride and ethanol. * c. ethanol, methanol, and acetone. 

b. cyanides, acetone, and methanol. d. sulfides, acetaldeliyde. and ethanol. 

51. (034-036) Which of the following are not conSidered volatile poisons? 

a. Phenols. c. Sulfides. 

b. Cyanides. d. Barbiturates. 

52. (035) A chemical which may be detected from an acid distillate by the formation of insoluble 
tribromphenol is 

a. phenol. c. cyanide. \ 

b. caffe|ne. d. trichloroethylene. ^ 

53. ^ (036) If you were to sustain hand bums with sulfuric acid, you wouldbe sufferings from an effect 

classified as 

a. cumulative. c. local, 

remote. d, systemic. 



54. (037-038) The susceptibility of children to poisons in C(^Tiparison to adults is 

a. variable. c. the same. 

b- less. d. greater. ^ 

55. (038) An example of chronic poisoning is likely to be found in cases of 

a. suicides. c. fuel handling. 

b. food handling. . d. overdosage. 
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56. (038) LSD may be classified toxicologically as 

a. a corrosive. < c. neurotic. 

b. an irritant. d. a volatile poison. 

57. (038) Food poisoning due to a specific toxin produced outside the body is best described as 

a. enteritis. c. food infection. 

b. food intoxication. d. an infusion. 
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Preface 

THIS FINAL volume of CDC 90411 discusses concepts in urinalysis at the 
7 level. Chapter i begins, with a review of proper microscope adjustment 
and the rather complex area of critical illumination. Other general considera- 
tions such as specimen collection and preservation are also reviewed in Chapter 1 . 

In Chapter 2, we will turn our attention to renal anatomy and physiology which 
will help us better understand results achieved in the laboratory as discussed in 
Chapters 3, 4, and 5. 

Chapter 3 is a fairly basic presentation of the physical characteristics of urine 
and their meaning. The two most difHcult and meaningful areas of urinalysis 
arc treated in Chapter 4, Microscopic Examination, and in Chapter 5, Chemical 
Examination. In these last two chapters, some of the practical aspects of urinalysis 
are presented in depth sufHcient to challenge most students. For example, in 
Chapter 5, you will <^scover that simple qualitative tests for urinary constituents 
can be very misleading in certain cases. In studying Volume 4, you should realize 
that urinalysis is an extremely valuable diagnostic discipline as well as a com- 
plicated one. It is not a subject to be dismissed li^tly. 

Foldout 1 is included at the back of the volume. 

If you have questions on the accuracy ^or currency of the subject matter of 
this text, or recommendations for its improvement, send them to TECH TNG 
CEN (MSSTW), Sheppard AFB, Texas 76311. 

If you have questions on course enrollment or administration, or on any of 
ECI*s instructional aids (Your Key to Career Development, Study Reference 
Guides, Chapter Review Exercises, Volume Review Exercise, and Course Exam- 
ination) consult your education officer, training officer, or NCO, as appropriate. 
If he can't answer your questions, send them to ECI, Gunter AFB, Alabama 
36114, preferably on ECI Form 17, Student Request for Assistance. 



This volume is valued at 36 hours ( 12 points). 

Material in this volume is technically accurate, adequate, and current as of 
February 1969. 
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General Considerations 



WE ARE CONSTANTLY reminded that our 
purpose within this career field is to sup- 
port patient care. It is difficult to imagine a 
single category of laboratory tests which relates 
more directly and frequently to patient care than 
an analysis of one sort or another on urine. It 
is probably safe to say that a routine urinalysis is 
the most frequently performed laboratory test. 
' 2. In beginning this brief introspection into the 
study of urinalysis, let us observe the danger 
signs that confront us. First, urinalysis is not a 
simple and dull subject, though it is often con- 
sidered as such. Second, it is not a monotonous 
chore which, at best, docs the pati^t no hama. 
Finally, the urinalysis section of a laboratory is 
a vital and vibrant area of direct concern to the 
patient and to the physician. If you doubt this, 
just ask any practicing physician how he evaluates 
the importance of this examination. The num- 
ber of urine tests you are likely to perform in 
your career will far exceed the number of more 
complicated affd involved determinations of othet 
kinds. 

1. Review of Mlcrq|c<ipy ^ 

1-1. It is impossibly jto perform* an accurate 
urine micr^copic -jP5^aH^atlon without an ade- 
quate opticaKand mechanical system. In this sec- 
tion we, will,aiscuss proper usfe and care of the 
microicope^ at (ihe 90470 level. The understanding 
of m acoeptabjfe method of adjustment ami il- 
lumination is nipre rewarding^ than trial arid er- 
ror technique. 1^ ^ f 

1-2. Prellm;pary^4i^4||iistment of the Micro- 
scope. The nibldeiji ^microscope is a precisipn^op- 
tical instrument whi/?h, like all fine insfhimcrits, . 
requires care in its-tise. It also repjijfes knowl- 
edge of the instnyncnt on the part of the user. 
The relationship^^^of tht microscope lamp to the 
microscope is cftfib^ bccausei this relationship 
governs the mi^sity of the iilumination which is 
available, as well as the quality of the final 
image which " the eye sees. Since microscopes are 
^seldom in constant use, it is desirable to main- 



tain the relative position of^lamp to- microscope 
by means ^f a fixed mounting. This avoids the 
necessity of reestablishing the lamp-microscope 
relationship each time the scope is used. A micro- 
sjope mounting board may be fabricated locally. 

1-3. Preparatory to setting up the illumination 
system, review the components of the microscope 
illustrated in figure 1. After placing a' slide on 
the microscope stage, swing the lOX objective 
into place. Adjust the microscope mirror so that 
the slide is illuminated. Move the condenser to 
its uppermost position (sec substagc control knob, 
fig. 1). Using the coarse focus adjustment of 
the microscope, obtain an image of the specimen 
on the slide. Next, turn the ocular focusing con- 
trol to zero. Adjust the interpupillary distance 
control so that the lateral spread of the two eye- 
pieces is comfortable to the eyes and only one 
image is seen. While doing this you will see that 
the image of each eyepiece fuses, to appear as 
a single circular image. Note for future reference 
the scale setting which is on the front of the micro- 
scope between the eye tubes. 

1-4. With the objective fine focus adjustment, 
obtain a critical focus of the specimen on the 
slide, looking only through the eyepiece which 
does not have the ocular focusing control. For 
convenience, a piece of opaque paper may be 
"^Jaced over the eyepiece of the tube with the 
ocular focusing control. After obtaining a critical 
focus^v4vrttch the paper to the nonfocusing con- 
"^iTpV^^tQ so that the eyepiece is obstructed. 
< ^;^o not f^rfh^touch the objective fine focus ad- 
f justment:-*' tJsing the knurled ring of the ocular 
/foQflsing control, bring the image into fine focus 
fox your eye. The micrpsc<$J| will then be ad- 
f' juSted to accommodate for snlall differences in 
refraction of your two eyes. At this point note 
the numerical setting on the ocular focusing con- 
trol fing for future reference. A person having as- 
tigmatism necessitating constant use of his glasses 
may^ish to use a special set of oculars de- 
sig^ied for^se with spectacles; however, these 
are Yiot avilable through regular supply chan- 

1 
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nels in the Air Force. The proper name for the 
system of illumination which will now be de- 
scribed is "Kohler of illumination." 

1-5. Focusing the lamp filament. Before con- 
tinuing, study the components labeled in figure 
2. These will be referred to in the description 
which follows. Place a piece of filter paper or a 
white 3" X 5" card over the mirror of the micro- 
scope as shown in figure 2. Be sure that the 
flat side of the mirror is facing forward. (The 
curved side of the mirror is never to be used with 
an artificial light source.) Remove the filter 
holder from the lamp. Close the iris diaphragm 
of the lamp as far as it will go. Do not force 
this or any other control. Align the lamp so that 
it is directly in front of the microscope and is 



at a distance of approximately 8 to 12 inch^es 
from the microscope. By means of the knuried 
knob at the back of the lamp base, shown in 
figure 2, adjust the vertical position of the lamp 
so that the light falls on the card or filter paper 
covering of the microscope mirror. With the fila- 
ment focus control, move thc'^ lamp tube back and 
forth until the filaments of the lamp bulb are 
sharply focused on the card or filter paper shown 
in figure 2. Adjust the horizontal and vertical 
directions of the lamp so that the image of the 
filaments is centered on the mirror. 

1-6. Focusing the lamp filaments on the mir- 
ror is a convenient method of establishing the 
illumination. However, aa^even more accurate 
method is to take a second flat mirror and po- 
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sition it adjacent to the microscope mirror so 
that one can see the underside of the condenser 
iris diaphragm. The condenser iris diaphragm is 
closed so that its opening is but a pinpoint. Ad- , 
just the lamp filament focus controls so that the 
image of the lamp filaments is in focus and cen- 
tered on the underside of the condenser iris dia- ' 
phragm. 

1-7. ^Focusing the condenser. Check the mi- 
croscope image of the slide object. Be sure 
this is still in focus. Now be sure that the con- 
denser iris diaphragm is closed. With both the 
condenser iris diaphragm and the lamp iris dia 
phragm closed, move the microscope condenser 
up and down until a sharply defined image of 
the lamp iris diaphragm is obtained in the field 
of view. Once again the image of the object on 
the slide should be in sharp focus. -Adjust the 
microcode mirror so that the image of the lamp 
iris diaphragm is centered in the middle of the 
field of vision. Open the iris diaphragm of the 
lamp until the full field of vision seen through 
the microscope eyepieces is fully illuminated. No 
further adjustment to the lamp or microscope 
condenser is required. 

1-8. Some microscopes may requiftP an addi- 
tional auxiliary lens, which is of the swing-out 
variety, beneath the condenser before full field 
illum^ation is obtained. This depends on the 
condenser attached to 'the microscope. In such 
instances the auxiliary lens is kept out of the 



optical pathway until the lamp adjustments and 
condenser adjustments are completed. 

1-9. Replace the filter holder on the lamp, be- 
ing careful not to disturb the position or adjust- 
ment of the lamp. You will note that the filter 
holder has a blue-tinted color correction filter, 
a white diffusion disc, and a snapring to hold 
the tube components, color filter, and diffusion 
disc in place. There is room for additional filters 
in the external rack of the filter holder. 

1-10. Once the illuminating lamp and the mi- 
croscope condenser have been focused, the only 
other adjustment whicft must be made is that for 
the condenser iris diaphragm. This iris diaphragm 
is not intended to control the level of illumination 
seen in the microscope. Instead, it is intended to 
serve as a part of the optical system which is re- 
sponsible for resolution of the image. There is 
only one proper iris diaphragm control setting for 
each of the objectives on the microscope. In 
order to properly adjust the iris diaphragm, carry 
out the steps outlined in the f611owing paragraphs. 

1-11. Adjusting the condenser iris diaphragm. 
The condenser iris diaphragm should be opened 
fully. One of the oculars is removed (eyepiece 
of the microscope), as shown in figure 3,A. K 
you look down the eye tube you will see that the 
back lens of the objective is fully filled with light. 
At this point if you close the iris diaphragm of 
the condenser to its fullest closed position, you 
>vrtll see that there is but a pinpoint of light visible 
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Figure 3. Adjusting the condenser diaphragm. 

at the back lens of the objective. Once again 
the iris diaphragm of the condenser is fully 
opened (fig. 3,B) and slowly closed until the di- 
ameter of the back lens' illumination is bei^ig 
slowly reduced. Continue to close the iris until 
approximately two-thirds to three-quarters of the 
dianieter of the back lens is now fully illumi- 
nated. This leaves the outermost one-third to 
one-fourth of the back lens of the objective non- 
illuminated as shown in figure 3,C* Replace the 
ocular (eyepiece). If you fpllow' the preceding 
steps, your microscope will be properly adjusted 
for Kohler illumination which will produce the 
finest resolution the microscope is capable of 
offering. 

1-12. When your microscope has a revolving 
nosepiece and you are using more than one ob- 
jective, you will find that it becomes necessary 
to sJightly readjust the entire series of adjust- 
ments which we have previously described. For 
this reason it is advisable to make your first align- 
ment using the lOX objective. Then go to. your 
oil immersion objective and make ,the fine ad- 
justments necessary to produce a sharply focused 
centered image of the iris diaphragm of the lamp. 
Also, properly adjust the iris diaphragm of the 
condenser. With the lamp focus, and mirror con- 
denser adjustments aligned for the oil immersion 
lens, we do not further adjust the lamp or con- 
denser for the objectives except for the condenser 
iris diaphragm. Each objective will require a 
slightly different setting of the condenser iris dia- 
phragm to produce the desired reduction in il- 
/lumination of the back lens of the objective. 

1-13. In a similar manner, the extent to which 
the lamp iris diaphragm must be opened to pro- 



' duce a fully illuminated field will varir according 
to thif objective used. For convenience, allow this 
to remain at the setting required for the lowest 
power objective being used (usually lOX). 

1-14. Never attempt to use objectives having 
a high numerical aperture (N.A.) value with a 
condenser having a lower value. Aslq your pathol- 
ogist, laboratory officer, or supervisor to check 
your microscope and its optics in this regard. 
However, this loss in resolution is relatively slight 
in comparison with that obtained when the illu- 
mination is improperly designed for the oil im- 
mersion objective. 

1-lS. The intensity of illumination should be 
controlled with neutral density filters. Do not at- 
tempt to control the intensity of light as your 
eyes see it by opening or by using the condenser 
iris. This is incorrect. Likewise, you cannot 
control the intensity of illumination with the 
lamp iris. The lamp iris is used only to cut out 
extraneous light once ' it has been opened suf- 
ficiently to produce a full field of illumination. 
The intensity of illumination may be controlled 
by regulating the lamp voltage. In which case 
suitable color correction filters to produce a white 
or blue-white light are required. If the voltage 
cannot be controlled we must .use neutral density 
filters to reduce the amount of light which we 
receive. Within limits, the intensity of illumi- 
nation may also be controlled by placing the il- 
luminating lamp closer to, or further from, the 
microscope. However, this will require readjust- 
ment of the Imap focus. Once you have properly 
established the relationship of the microscope 
lamp to the microscope and adjusted the lamp 
and condenser focus, then these relationships can 
be maintained by locking the lamp to a lamp 
board if your scope is mounted as suggested. 

1-16. Before concluding our discussion of the 
microscope, let us briefly review some points of 
good technique which should already be .thor- 
oughly familiar to you. A monocular microscope 
should be used with both eyes open« Lenses 
must not be touched except with lens paper. 
Mirrors, slides, cover glasses, and other micro- 
scope equipment may be cleaned with lint-free 
tissue or with a soft cloth. Do not insert or re- 
move a slide under high power. Never allow an 
objective to touch a cover glass. Always locate 
the object under low power before trying to find 
it under high power. Most microscopes are par- 
focal, which means the viewer can switch from* 
one power to another with minimal refocusing. 
Oil is always wiped from the oil immersion ob- 
jectivejivhen you are finished using the micro- 
scope. Switch to low power when finished. 



rather than leaving the oil immersion objective in 
a viewing position. Last of all, keep the micro- 
scope covered when it is not in usel 

2. Collecting and Preserving Specimens 

2-1. As simple as it is tjRjibtain a urine speci- 
men, reliability of results depends upon reason- 
able care and precautions associated with initial 
processing in the laboratory. Few technicians 
would treat "more valuable" specimens like ce- 
rebrospinal fluid as lightly as urine specimens. 
Quantitative determinations on urinfe are of clini- 
cal vafuts^ only when performed on properly col- 
lected and prepared 24-hour specimens. The ac- 
curate collection of such specimens from ward 
patients '^nd, most particularly, from outpatients 
has for many years presented certain technical 
and esthetic problems. Ward personnel are ex- 
tremely reluctant to store urine specimens during 
the collection period in refrigerators containing 
dnigs'^or foods. This is equally true of specimens 
collected in the home. However, the bottle must 
be kept in t^e refrigerator for certain types of 
urine chemical analyses. With some care, one 
can assure that th^ outside of the bottle is clean 
and free from urine, which might contaminate 
other contents of the refrigerator. If a preserva- 
tive o| other additive has been placed in the 
bottle, it is essential that the tontenti be gently 
but thoroughly mixed after each addition. After 
collection is completed, the specimen should be 
brought to the laboratory immediately. Let us 
consider some of the common areas of concern 
dealing primarily with handling of the specimens. 

2-2. Collecting the Specimen. How a specimen 
is to be collected is determined by the physician 
with technical assistance from laboratory per- 
sonnel. However, keep in mind that the re- 
sponsibility for the accuracy of urine collections 
lies first with laboratory personnel, who must 
be familiar with the necessary preservatives or 
other additives required, and who supply properly 
prepared collection bottles to the wards or di- 
rectly to outpatients. The second responsibility is 
that of physicians and nufses, to explain to the 
patient the proper method of collection, as well 
as the need for complete collections. The third 
responsibility is that of the patients. Without this, 
accurate collections are impossible. This is one 
of the transitional areas in which neither the 
clinician nor the laboratory always knows pre- 
cisely how each specimen was collected. 

2-3. The nursing service of a hospital can of- 
ten be of tremendous value in assuring that a 
specimen is of the type the physician intended 
and what the laboratory thinks it is. To cite a 
few examples, an early morning specimen differs 
in clinical significance from one collected later. 



One Qannot always assume that a sample which- 
arrives in the laboratory in the morning was ac- 
tually collected in the morning. It i§ also of 
concern that, specimens be fresh or properly pre- 
served. Hyaline casts, especially, will dissolve in 
neutral urine of low specific gravity or in any 
urine that is alkaline. Urine which has been 
standing becomes alkaline due to bacterial and 
chemical activity. In many cases, even if lab- 
oratory examination of the specimen is ptompt,> 
the urine may have been unsatisfactory when it 
arrived. It is your responsibility's a technician 
to evaluate specimens for technical acceptability. 

2-4. Although a request form of the 514 se- 
ries has a block for date and time of collection; 
the entry one finds rarely has any relationship 
to the time the- patient voided. This is not so 
much a case of negligence as a practical prob- 
lem. For outpatients, the requirement almost 
necessitates an entry by the p§tient himself, and 
this is more than the most optimistic technician 
can consistently expect<j»An even greater error is 
introduced by incomplete specimens. Not in- 
frequently, the patient is improperly instructed 
with regard to the necessity of collecting all 
voidings within the 24-hour period. The patient 
often forgets to void int^the container, is too 
preod^cupied to obtain his or her container from 
the storage refrigerator, or else is tpo shy to 
bring his specimen to the collection bottle. Be- 
cause of these personal problems and environ- 
mental objections, such as may be encountered 
in a school, office, or on the flight line, a mu- 
tually satisfactory time usually can be determined. 
You, as the technician, should decide from the 
physician's request, the situation of the patient 
and laboratory scheduling the optimum time for 
the collection. If the physician requests a spe- 
cific period of time for collection, of course, the 
orders should be followed to the letter. Parents 
may require special assistance in securing urine 
specimens from small children. You may pro- 
vide plastic collecting containers designed for 
pediatric patients and give instructions in con- 
tainer use. 

2-5. In reality, the best practice is for collec- 
tion to be made in or near the laboratory. For 
inpatients, there are also problem areas. Speci- 
mens transferred from other receptacles may be 
contaminated. But perhaps more common, speci- 
mens sometimes remain on the ward until per- 
sonnel are free to pick them up or send them 
to the laboratory. Laboratory slips are frequently 
completed ahead of time; therefore, as with out- 
patients, these forms do not always reflect ac- 
curate entries regarding time of collection. This 
does not imply a criticism of the nursing serv- 
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ices. It is merely a tact which must be dealt 
with if the result is to be meaningful. 

2-6. , Collecting a specimen sometimes requires 
special instructions. It is assumed you are thor- 
oughly familiar with the terms random specimen, 
clean catch, midstream, two-glass, and three- 
glass. Figure 4 indicates how laboratory obser- 
vation of three-glass urine* specimens could be 
interpreted by the physician. Needle to say, 
the diagnosis requires more than laboratory ob- 
servation, but this docs illustrate the value of 
three-glass specimens. 

2-7. In advising outpatients on collection tech- 
niques, there is a tendency for the technician to 
asstime too much or in some cases to be pur- 
posefully vague, perhaps to avoid embarrassment. 
A patient may not have the slightest idea what a 
midstream specimen is or how to collect it. This 
also applies to other special instructions. Instruc- 
tions should be given in an explicit and profes- 
sionally .tactful manner. Sometimes the special 
handling of a specimen involves more chance 
for error than a slightly more casual ap^oach. 
Consider, fpr instance what is necessary to ob- 
tain a clean-catch specimen. A clean-catch pro- 
cedure which requires elaborate instructions and 
the use of cleansing agents is less desirable than 
a simpler method. Commercial agents such as 
"phis6hex" must be used carefully or the urine 
will become contaminated with the clearing 
agent. Some of thttse arc poffent antibacterial 
agents and could render the urine sterile before 
it is cultured. The subject of urine cultures will ^ 
be covered in greater detail in a volume of the 
microbiology course. However, it is mentioned 
here that a simple procedure is often better than 
an involved one by the' very reason of its sim- 
plicity. 

2-8. It is expected that all of the usualMab- 
oratory precautions -will be observed, including the 
use of clean or sterile containers. Rinsing a bot- 
tle and using it over again and again is not 
good technique. At least thorough washing with ^ 
detergent and hot water is required. Contami- 
nants, and especially molds which adhere to the 
container, can confuse a microscopic analysis. It 
' might be argued that bottles should be sterilized 
as a good hospital practice to avoid possible con- 
tamination to individuals. Urine bottles from a 
contagious case (e.g., hepatitis) must certainly be 
sterilized. Mere rinsing is a widespread practice 
but hardly one to be recommended. Ordinary 
detergents do not inactivate viruses or even eradi- 
cate bacteria. Finally, cracked or chipped bottles 
should be discarded. Saving faulty^ glassware is 
false economy and downright dangerous in any 
laboratory situation. The use of broken glassware 
is inexcusable! If you work in a laboratory, it is 



suggested that you discard all broken or chipped 
glassware which cannot be economically repaired. 
This doe^ not apply just to urinalysis. Glass items 
which can be repaired must not be used in^ the 
interim. If possible, substitute plastic or other 
nonbreakable items as a matter of economy and* 
laboratory safety. 

^ 2*^. Preservation of Urine. There is no sub- 
stitute for a fresh urine specimen, and in all 
dases analysis should be accomplistied ^ soon as 
possible. On occasion, However, it is not possi- 
ble to analyze the sample immediately (e.g., 24- 
hour specimens). A delay in analysis ' leads to 
degeneration of the formed elements and decom- 
position of chemical constituents. An example is 
the breakdown of urea inter' ammonia by-tiie ac- 
tion of contaminating microorganisms. 

2-10. Deterioration may be inhibited by the use 
of some form of preservation^ Always keep speci- 
mens refrigerated when they cannot be promptly 
analyzed. It is importanTthat specimens warm 
to room temperature before analysis is performed 
to reduce turbidity and enable the technician to 
make accurate quantitative measurements, includ- 
ing specific gravity determinations. A number of 
chemical preservatives can be utilized with viary- 
ing degrees of effectiveness.- The following are 
recommended for use in conjunction with re- 
frigeration, ^ 

a. Tohiene (sufficient quantity added to. form 
a thin layer over the specimen) is a very satis- 
factory inhibiting agent used when chemical 
analysis is required because the reagent does not 
interfere with most chemical tests. Anaerobic 
bacteria which might be present in the sample 
continue to multiply, however. It is necessary 
either to remove the toluene before measuring 
portions of the specimen or to pipette from below 
the surface. Toluene is- not^ recommended for col- 
lection qf urine specimens for steroid determi-* 
nations. Free steroids are extracted into the tol-. 
ugne, while ketogenic steroids and other water 

. soluble conjugates will remain in the urine. Un- 
less care is taken to nrtix the specimen thoroughly, 
part of the free steroids will be lost and low 
values will be obtained. 

b. Formalin (about 4 'drops/100 ml. urine) 
is the best preservative for formed elements. It 
interferes with some chemical analyses, and should 
not be used when sugar concentration is to be 
determined by reduction rrtethods. Formalin also 
inhibits the Obermayer test for indican. 

c. Thymol may be added to the extent of a 
few small crystals for every 100 mU of urine. 
It gives a false positive albumin test, however, 
and may interfere with tests for bile. 

d. Special preservatives include* hydrochloric 
acid for Vanilmandelic acid (VMA), serotonin, 
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and other analyses as discussed in Volume 3 of 
this course. 

2-11. If a chemical preservative has been 
added to a urine specimen, the type and* amount 
must be indicated on the label of the collection 
bottle. Always follow instructions of the ref- 
erence laboratory when you preserve specimens 
for shipment. The Handbook , of S.eference Ma* 
terial which was furnished for your use in this 
course contains more extensive informatioa on 



methods of preserving urine for special tests con- 
ducted by reference laboratories. 

2-12. In handling 24-hour specimen^ the lab- 
oratory should insure /that the entire specimen is 
well mixed. Measure/the to^al volume in a 1- 
or 2-liter graduated cylinder, to the nearest 5 ml. 
Whenever possible, collection periods should not 
begin on Friday or Saturday, to avoid having to 
store specimens over the weekend. If this is 
unavoidable, store the entire specimen in the re- 
frigerator ojT freezer until shipped. 
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CHAPTER 2 



Renal Functions 



ONE REASON THE clinical laboratory per- 
forms, so many urinalysis procedures is be- 
cause of the vital importance of the kidneys. 
There is an ever-increasing interest in the role of 
the kidneys in maintaining electrolyte and fluid 
balance and in their relationship to certain dis- 
eases. As one investigator of renal function 
observed, "The composition of the blood and the 
internal environment is determined not only by 
what the mouth ingests but by what the kidneys 
kcep."^ The kidneys maintain this internal en- 
vironment by filtering blood, by selective reab- 
sorplion, and by the ^ecretioq^ of foreign sub- 
stances from the blood. 

2. A variety of urine tests have been estab- 
lished which aid the physician in diagilosing and 
treating many disorders. To understand the im- 
portance and meaning of urinalysis, you should 
have some knowledge of the kidney itself. In 
thi/ chapter you will become familiar not only 
with the structure of the kidney and with the 
physiology of the normal kidney, but with the cor- 
relation between certain diseases and the functions 
of the kidney. 

3. As you gain insight into the application and 
importance of urinalysis tests, you will be less 
inclined to draw conclusions about the clinical 
condition of the patient. If you appreciate the in- 
volved relationships which exist between a lab- 
oratory test and the diagnosis of a disease, you 
will perform the test with greater care and interest. 
You will realize that a "normal" urine result can 

\b& as valuable to the physician as an "abnormal" 
report. It is important that you know the clinical 
impact and importance of your work, and at the 
same time refrain from the role of a diagnostician. 

WMways think in terms of your responsibilities as a 
clinical laboratory technician and tint welfare of 
the patient. 
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3. Anotomy of th« Kidnoy 

3-1. If an engineer attempted to desi^ a fil- 
tration system, his design could hardly be more 
successful than the/kidney. The kidney is a re- 
markable organ, qu^e complicated in structure 
and function. As Wmiam Bowman, an English 
physiologist (1816-1892), stated in 1842, "It 
would indeed be difficult to conceive a disposition 
of parts morec^kulated to favor the escape of 
water ffonrificbody. . . ." Of course, the func- 
tions of the kidney are vastly more complicated 
than Bowman implied or realized. In this sec- 
tion you will learn the basic structures of the kid- 
ney by studying this "disposition of parts." 

3-2. Nearly everyone is generally familiar 
with the appearance of a kidney. The kidneys 
are bean-shaped organs situated in the posterior 
part of the abdomen on either side of the verte- 
bral column between the 12th thoracic and the 
''^^^rd lumbar vertebrae. Because of the position 
of the liver, the right kidney is slightly lower than 
the left The kidneys are not rigidly attached 
but move slightly with respiration. Each kidney 
is enclosed by a thin, translucent capsule which 
is penetrated by a number of blood vessels. There 
is an indentation known as the hilum which 
expands into a renal sinus. The kidney. consists 
of several more or less distinct lobes which 
become less apparent with age. If^ you slice a 
kidney open, you will observe the lobed appear- 
ance in the central portioa or medulla. The 
peripheral portion of a kidney is known as the 
cortex and is shown in figure S. The appearance 
of the cortex varies considerably with pathological 
conditions. Normally, the cortex of a kidney ap- 
pears granular with ray-like structures known as 
medullary rays. These rays are visible in the cor- 
tex as illustrated in figure S, anj} not in the 
medulla as the name would imply. The medullary 
ray is composed ot branched, collecting tubules 
and limbs of the loop of Henle. The lower portion 
of the loop of Henle extends into the medulla. 



26*3 



3-3. Structures directly related to the kidney, 
but not a part of the kidney, include the extra 
renal blood vessels, ureters, bladder, and urethra. 
Blood is supplied to the kidneys by way of the 
abdominal aorta, andi returns to the heart 1^ way 
of the inferior vena cava. Two renal arteries 
lead from the abdominal aorta to supply blood 
jQUte kidneys. There are two ureters,, one lead- 
ing fr^m each kidney to the bladder. Thejf are 
12 to 15 inches long and parry urine 
from the kidneys to the bladder with the aid of 



muscular action. From the bladder, urine is 
passed from the bo4y through the urethra. 

3-4. The functional unit of a kidney is the 
nephron, which can be seen in figure 6,A. The 
nephrons average 50 to 55 mUlimetcrs in length 
and are situated in the cortex close to the 
medulla. There are approximately 1,300,000 to 
2.000.000 nephrons in each kidney. If all of 
the tubules of both kidneys were stretched out in 
one direction they would extend for Approxi- 
mately 75 miles! Blood is supplied to each 




nephron unit by means of an afferent arteriole 
leading from branches or endings of the two 
renal arteries. One afferent arteriole may supply 
more, than one nephron. Blood is carried from 
the unit by means o^n efferent arteriole through X 
a "Capillary network into branches of the renal 



vein for return to the heart via the inferior vena 
cava. The nephron unit consists of four parts: 
the glomerulus; the proximal convoluted tubule; 
the loop of Henle; ^and the distal convoluted 
tubule. The glomerulus is also referred to as 
the renal corpuscle. A glomerulus averages from 
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150 to 250 microns in diameter, and there are 
about 1,500,000 glomeruli in each kidney as pre- 
viously mentioned. Each glomerulus consists of 
Bowman's capsule and Malpighian tuft. Bow- 
man's capsule is a double-walled epithelial sac 
^ which surrounds the tuft and receives glomerular 
filtrate. The proximal convoluted tubules arc 
about 14 mm. in length and are lined with 
structurally similar cells. (These cells do not 
all have die same function, however.) The cells 
of a proximal tubule are quite different from 
those lining the descending limb of the loop of 
Henle. The ascending limb of the loop, which 
leads into a distal convoluted tubule, is some* 
what larger than the descending limb. The distal 
tubule is approximately 5 mm. in length and 20 
to 50fi in diameter. The cells lining the dislal 
tubules are quite characteristic of that portion of 
the tubules. Although not part jof the nephron 
unit, a system of coUecting tubules begins in the 
cortex and eventually unites with other tubules in 
large collecting tubules labeled ducts of Bellini 
in figure 6,B. Cells lining the collecting tubules 
are unlike those lining secretory tubules. Histo- 
pathologists are very much aware of pathological 
changes which occur in cells of the tubules imder 
various conditions. Tubular cells have recently 
been studied in detail with the electron micro- 
scope. It has been demonstrated that many bio- 
chemical processes take place in ceUs of the 
•tubules, partly by relating the presence of struc- 
tures shown with the electron microscope to their 
k|iown activities in other cells. This is an example 
• oi^ how knowledge of structure can lead to an 
understanding of function. Obviously mfarphology 
alone does not supply all of^the information de- 
sired. With this in mind, we will now turn our 
attention from structure to function. 

4. Physiology of the Kidney 

4-1. Most laboratory technicians in the Air 
Force analyze many urine specimens every day. 
Yet, would most of us be able to explain how 
the body produces urine?^ Even more important 
in laboratory work, can we relate how physical 
properties of urine, e.g., color, specific gravity, 
etc., have any real practical relationship to kid- 
ney fimction? If we are to describe urine and 
list its properties, it is only reasonable that we 
know why we are doing all of these tests. This 
section describes functions of the kidney and re- 
lates them to urine production. 

4-2. As a result of normal cellular metabolism, 
a number of nitrogenous wastes are formed. 
These include urea, uric acid, creatinine, and 
ammonia. Removing these wastes from the blood 
is one function of the kidney. It also regulates 
blood volume, controls the water content of tis- 

12 



sue, and maintains the pH and chemical composi- 
tion of body fluids. The process of urine forma- 
tion begins with filtration of plasma-like fluid 
through the glomerular capillaries. The filtrate 
then passes down the tubules. It is reduced in 
volume and composition by tubular reabsorption 
and secretion which we will discuss in somewhat 
greater detail. 

4-3. An important function of ^ the kidney is 
glomerular filtration. Blood pressure of approxi- 
mately 70 mm. of mercury within the capillaries 
of Bowman's capsule is about twice that of any 
other capillary in the body. Opposing this force 
is an osmotic pressure of nearly 25 nun. of 
mercury, which is normal capillary pressure. 
About 10 percent of the blood which passes 
th/^h the glomerulus is removed in the form 
of glomerular filtrate. Approximately 1200 ml. 
of whole blood pass through the kidneys each 
minute, thus, every 4 or 5 minutes a volum^ ex- 
ceeding that of the total volume of blood in the 
body passes through the kidneys. Capillaries of 
the glomerulus are concerned only with filtration, 
not with reabsorption as are other capillaries of 
the body. Various mechanisms affect the rate of 
glomerular filtration. In the absence of compen- 
sating factors, a rise in blood pressure in the ef- 
ferent arteriole increases the rate of filtration. 
This may be due to vasoconstriction of the ef- 
ferent arteriole and possibly to an increase in 
systemic blood pressure. Glomerular blood flow 
is also under neutral control. For example, stimu- 
lation of the splanchnic (visceral) nerve de- 
creases renal blood flow and, hence, reduces the 
rate of filtration. Vasodilators such as adrenalin 
' also decrease glomerular fUtration after an initial 
phase of vasoconstriction. 

4-4. In the actual process of filtration, walls 
of the glomerular capillaries behave as filters. 
A very thin membrane, 0.1 /jl thick, separates 
the blood from the cavity of the capsule. Sub- 
stances having a molecular weight of 68,000 or 
less are able to pass through the membrane and 
are excreted. Proteins are normally retained. 
Thus, you can see why albuminuria (albumin in 
the urine) is generally considered abnormal. If 
small amounts of protein do pass through the 
glomerulus, the protein is reabsorbed in the 
proximal convoluted tubules. The pH of glomer- 
ular filtrate is about 7.4, with a normal specific 
gravity of 1.008 to 1.012 (aver. 1.010). 

'4-5. Most reabsorption takes place in the 
renal tubules. Many substances, including water, 
which are essential to life escape through the 
glomerular tuft. These substances must be re- 
placed in the blood. In order to return them to 
the bloodstream, the convoluted tubules actively 
reabsorb some of these substances into the capU- 



lary network around the (ubules. The proximal 
tubules reabsorb all of the glucose and 85 per- 
cent of the water from glomerular filtrate and 
about the same amount of sodium, bicarbonate, 
and chloride. If the plasma concentration of a 
solute exceeds a certain level known as the 
tubular maximum, this substance appears in the 
urine. Other substances which are absorbed in- 
clude amino acids and phosphates. Additional 
water reabsorption is thought to occur in the 
loop of Henle. After this, approximately 20 to 
40 percent of the water remaining in the glomeru- 
lar filtrate is reabsorbed in the distal tubules. 
Reabsorption in the distal tubules is under 
hormonal control, namely the antidiuretic hor- 
mone (ADH) of the pituitary gland. 
. 4-6. In addition to reabsorption, the tubules 
excrete many substances including creatinine, 
ammonia, pptasSium, and foreign substances like 
penicillin and dyes. Most potassium found in 
the urine is excreted by the tubules, with the 
remainder having escaped in the glomerulaf fil- 
trate without reabsorption. Incidentally, potas- 
sium is thought to be the only electrolyte which 
is actively excreted by the tubules. As the glom- 
erular filtrate goes through these processes of fil- 
tration, reabsorption, and secretion, the total vol- 
ume drops from the original 100 to 150 liters or 
more per 24 hours to about 1 to 1.5 hters of 
urine per 24 hours. The pH of urine is 4.6 to V 
while the average spccififc gravity increases from 
the original 1.010 to about 1.015 upward to 
1.025. 

4-7. Our discussion of kidney physiology 
would not be adequate without mentioning the 
importance of the kidneys in maintaining acid- 
base balance.^ Regulation of acid-base balance 
is accomplished by four mechanisms, not neces- 
sarily in order of importance. First, ketone bodies 
(acetoacetic acid, B-hydroxybutyric acid and 
acetone) which may be present are oxidized to 
corresponding organic acids. These acids are sub- 
sequently excreted after conjugation with glycine 
as hippuric acid or phenylaceturic acid. By this 
means ketone bodies which cause ^ acidosis are 
removed from the blood and excreted. Second, 
ammonium ions replace the more basic sodium 
ions to some extent. Ammonia from plasma 
amino acids and glutamine are released by 
enzymatic activity in the tubular cells of the 
kidney. Thus, losses are conserved by retention 
of sodium zpd substitute excretion^ ammonium 
ions. Third, reabsorption of bicarbonate takes 



> Acid>bise' balance. This is a term widely used thc^ghout 
literature and is explained in Chapter 1. Volume 2. of this 
course- It refers to an equilibrium state between acidic and basic 
ions in order to maintain the pH of blood very near 7.4; dis- 
turbances in acid>bise balance may result in acidosis or al- 
kalosis. 



place in the tubules as previously indicated. 
Fourth, hydrogen ions are excreted by the tu-' 
bules. The overall result is a change in the pH 
of glomerular filtrate from 7.4 to a range of 4.6 
to 8.0 while the acid-base balance of th^body is 
maintained. The latitude of urine pH from acid to 
alkaline is to be expected and results from com- 
pensating mechanisms which control blood pH 
within a very narrow range. • 

5. The Kidney and Djsease 

5-1. Our attention will now be focused on 
some of the pathological conditions which either 
cause or are related to malfunction of the kid- 
neys. As a student, your objective in studying 
this section is to realize what an abnormal lab- 
oratory report can mean to the physician and, 
thereby, encourage you to render valid and intelli- 
gent reports. As repeated often in this course, 
clinical conclusions relative to a particular pa- 
tient are beyond the scope of the l^iboratory. 

5-2. You have on occasion seen the term 
uremia in the clinical block of laboratory report 
forms and elsewhere. It is a rather nonspecific 
term indicating the presence of abnormal quan- 
tities of urinary constituents in the blood. Uremia 
may result from practically any disease involving 
a malfunction of the kidneys and is represented 
by complex clinical symptoms. When uremia ii 
diagnosed, provisionally or definitively, the lab-! 
oratory is used to reinforce the diagnosis. In 
most cases there is an elevation of urea nitrogen 
in the blood and oliguria. However, not all of 
these signs and symptoms are always present. 
For example, the quantity of urine may be nor- 
mal, in which case the serum sodium is usually 
increased. In the final analysis, laboratory data 
are meaningless unless one laboratory result is 
related to another. There is sometimes a ques- 
tion concerning the relative merits of particular 
procedures. If a choice exists between measur- 
ing urea nitrogen and nonprotein nitrogen, it 
would be advisable to select the urea nitrogen 
test because of its greater specificity. Nonpro- 
tein nitrogen measures creatinine, amino acids, 
and a composite of nitrogen containing sub- 
stances, as you may recall from your study of 
clinical chemistryv 

5-5. There are many diseases of the glomeruli. 
There are also many recognized classifications of 
glomerular diseases. The type of glomerular dis- 
ease is diagnosed partly on histological and partly 
on other laboratory evidence. For example, some 
glomerular diseases are accompanied by hema- 
turia (blood in the urine) or proteinuria while 
others are not. This again emphasizes the need 
for careful and accurate laboratory work. You 
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might also recognize that medical terms like 
glomerulonephritis have a limited and specific 
meaning. The term is not used to describe just 
any disease of the glomerulus. This is mentioned 
as a word of caution to urge you to form a 
meaningful medical vocabulary. You undoubtedly 
recognize that diseases not generally consid- 
ered renal in nature may result in renal com- 
plications. For instance, nearly half of all pa- 
tients with systemic lupus erythematosis (L.E.) 
have renal complications. 

5-4. A variety of kidney disorders are classi- 
fied as diseases of the tubules. Included in this 
category are mercury poisoning, gout, and other 
conditions, especially effects relating to toxicity. 
Also included among tubular disorders is multi- 
ple myeloma. Multiple myeloma is a malignant, 
tumorous condition of the bone marrOiV mani- 
fested in 40 to 50 percent of the cases by Bence 
Jones protein in the urine. However, myeloma 
is more than a disease of the bone marrow. In- 
volvement extends to the spinal ^cord with con- 
sequent pyelonephritis. In addition, renal lesions 
develop although there is less certainty on the 
causal relationships between renal lesions and 
myeloma. Renal amyloidosis (starch;;-like de- 
posits) is another aspect of this disease. The 
molecular weight of Bence Jones protein is in-f 
the range of 25,000 to 90,000. It, therefore, 
passes readily through the glomerulus if present 
and can be easily detected in the laboratory. 

5-5. There are a variety of basic renal prob- 
lems not previously discussed. In recent years 
there has been a resurgent interest in the effect 
of infections upon functions of the kidney. In- 
fection may produce generalized and localized 



kidney damage, including interstitial nephritis and 
pyelonephritis. Typhoid, yellow fever, and tu- 
berculosis are just a fe>y diseases of special in- 
terest to a urglogist. Another quite different 
problem which was developed in your study of 
clinical chemistry, is the occurrence of renal 
calculi. Renal calculi are not as uncommon as 
y<5u might think. They have been reported ^o 
occur in 5.4 percent of all autopsies, which is 
a good indication of their occurrence in the popu- 
lation. Next let us mention tumors an4 malignant 
neoplasms such as lymphatic leukemic to illus- 
trate that other conditions have a profound in- 
fluence on kidney pathology. Unless you are a 
histopathology technician, you will probably not 
directly observe the effects of thcse'^conditions on 
tissue. However, the effects will be apparent 
from other tests which you will perform. 

5-6. Finally, in this category of miscellaneous 
diseases which affect the kidneys can be in- 
cluded diseases of the blood vessels and dia-. 
betes, a disease ^hich you studied in Chapter 
4, Volume 2, of this course. There are at least 
a dozen well-known vascular diseases which in- 
clude glomerulosclerosis, nephrosclerosis, arter- 
iosclerosis, and thrombosis. These usually in- 
volve the capillaries, arterioles, arteries and veins, 
respectively. In diabetes mellitus a high blood 
sugar results from insufficient production of in- 
sulin by the pancreas. When th^ glucose level 
of the blood exceeds that which can be reab- 
sorbed by the tubules, the renal threshold has 
been exceeded and glucose appears in the urine. 
Kidney damage results from accompanying ef- 
fects of the disease. Keep in mind that glucose 
in the urine is only one of various symptoms. 
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CHAPTER 3 



Physical Characteristics of Urine 



A REPORT CONCERNING the physical 
characterisdcs of urine is a part of every 
complete urinalysis. The macroscopic examination 
includes total volume, color, appesqiince, pH, and 
specific gravity. In this chapter we will discuss 
all of these tests and their physiological signi- 
ficance. We shall also describe techniques gen- 
erally useji in the laboratory to -evaluate the phy- 
sical characteristics of urine. 

6. Urin« Volume, Color, and Appearance 

6-1. Urine Volume* The total urine volume 
voided in 24 hours varies with diet, body size, 
fluid intake, fluid loss in perspiration from tem- 
perature or exercise, and the ingestion of diuretics, 
such as cpffee. The average total daily volume 
is about 1,200 to 1,500 ml. from 10 years of age 
through adulthood. However, in children the 
total volume in relation to body size is increased 
considerably. The maximum total daily output 
of urine should not normally exceed *2,000 ml. 
in adults. Volumes higher than this, polyuria, 
are associated with pathologic conditions such as 
diabetes insipidus, diabetes mellitus, certain kid- 
ney diseases, and neuroses. A decreased total 
urine output, oliguria, results from lowered fluid 
intake or loss of fluid from diarrhea, vomiting, 
fever, and hemorrhage. There is normally a de- 
creased total urinary dutput during the night, 
probably due to decreased intake of fluid. 

6-2. Random specimens are most often re- 
quested for routine urinalysis. The volume varies 
considerably, but this is unimportant as long as the 
minimum amount (usually IS ml.) is obtained. 
A fresh, conc^]|trated, first-morning specimen is 
undoubtedly the most valuable specimen to the 
physician. This is particularly true in regard to 
the formed elements, i.e., cellular compojients. 
The specimen should never be discarded as QNS 
(quantity not sufficient) without perf6rming as 
many of the requested tests as possible. This usu- 
ally includes all of the routine examination, ex- 
cept perhaps the specific gravity. However, even 
the specific gravity can be determined as long 




as the volume is sufficient to dilute, nt quan- 
tity of urine obtained for analysis is a particu- 
lar problem with children and infants. As a tech- 
nician you have a responsibility to assist parents 
in obtaining an adequate specimen. However, 
other laboratory tests (i.e., blood count, etc.), 
should^not be delayed because you must wait to 
obtain a urine specimen. ^ 

6-3. Color. Urine color varies considerably in 
healthy and diseased states. Nonnally, urine is 
some shade of yellow. This yellow may be almost 
colorless, yellow-green or straw, pale yellow, 
bright yellow, light amber, or dark amber. Varia- 
tions in body metabolism and pigments from the 
diet will alter these colors. Chromogens in beets, 
for instance, may produce red urine; while car- 
rots give a bright yellow color (carotene) to the 
specimen. These pigments may be so concen- 
trated that they confuse color comparisons made 
in , urine strip screening tests, e.g., Labstix®, 
Tes-tape®. In this case several alternatives are 
possible. Chromogens may be rejnoved by mix- 
ing with activated charcoal and filtering. Xb|s 
filtrate can then be screened for glucose. How- 
ever, since normal chromogens are also removed 
by activated charcoal, the pH is probably altered 
in this process a^d proteiif analysis may, be in- 
''validated. Qualitative protein analysis cduM be 
determined with heat.^d acetic acid on ^the un- 
treated specimen. It may also.be statdj[^that 
light-colored specimens are usually lower in spe- 
cific gravity than darker specimens. There are 
exceptions, though, as in the case of diabetes,, 
wherp' the urine may be slraw or pale yellow in 
color ahd yet have a high specific gravity. due> 
to the presence of ^upose. 

6-4tv Pathological urine ^pecimens^*}>then, may - 

jhave the satme color as normal urine. A green- 
yellow specimen may result either from ndnaaL 
metabolism^ or from the preseiice of bile or bac- 
terial chromogens, i.e., Pseudomonas Jinfection. 

^ Red urine is produced from medications* like PSP 
(phenolsulfonphthalein) dye or pyridiiim, which 
are often used in kidney disease diagnosis or 
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therapy^ Red color may also be caused by the 
presence of intact red blood cells (hematuria) 
or hemoglobin drived from red cells (hemogloljin- 
uria). Porphyrins impart a ,wine red color to 
urine (porphyupa). Remember, though, ^ red 
color can appear after the ingestion of beets. 
Alkaptonuria is characterized by the presence Of 
alkapton bodies (homogentisic acid) and a con- 
sequent bl^ck urine ^when the urine specimen 
is made alkaline pr becomes alkaline upon stand- 
ing. Alkaptonuria occurs because of an inborn 
error in the metabolism of two amino acids, 
phenylalanine and tyrosine. Black urine is seen 
also when melanin, the pigment of hair and skin, 
is present as the result of certain malignancies. 
Finally, pus, certain crystals, chyle (fat), and 
some bacteria give a milky appearance to urine. 

6-5. Definite assumptions as to the presence 
of pathology cannot be made solely on the basis 
of the color of urine. However, abnormal urine 
color should alert you to the possibility of path- 
ology which may be confirmed or denied by 
more specific tests, and the physician's findings 
in his examination of the patient. 

6- 6. Appearance. The appearance of urine re- 
fers to another physical^ characteristic which is 
routinely observed and reported. The term "ap- 
perance" refers to the transparency of the speci- 
men. Clear, hazy, and cloudy are descriptive 
terms used for this report. Suspended crystalline 
particles of phosphates, urates, and carbonates 
are often the cause of haze o^ cloudiness. How- 
ever, heat and acetic acid may be used to dis- 
solve urates and phosphates respectively. Cellular 
material including epithelial cells, blood, pus, and 
bacteria will also cloud the urine speciemen. 
These substances, as well as insoluble crystalline 
salts, can be removed by centrifugation. Con- 
firmation of the nature of the material causing 
cloudiness is usually done microscopically. 
Rarely, chyluria (fat in the urine) may cause a 
Specimen to appear cloudy, and this is also con- 
firmed microscopically. Chyle is easily removed 
by (1) adding ether to dissolve the fat and (2) 
separating the aqueous/ether phases in a seffSra- 
tory funnel. 

7. Reaction and Specific Gravity 

7- 1. Reaction. The reaction (pH) of freshly 
voided normal urine varies from 4.8 to 8.0 with a 
mean of approximately 6.0. As the specimen 
stands at room temperature urine beco^nes less 
acid (pH becomes numerically- higher | by the 
formation of ammonia from urea, wBich is a, 
no?thal chemical constituent of urine. I/the urea, 
is chemically split by bacteria to form^ammonia.j 
The concentration of ammonia in old i*rine speci- 
mens can become so high as to be' noticeable^ 



from its distinctive odor. A marked pH shift to 
alkaline in *aged urine jnterferes with certain 
qualitative screening tests, J.e., protein stick tests, 
and destroys important microscopic cellular com- 
ponents. This is the principal reason for per- 
forming a routine urinalysis only on a fresh urine 
specimen. The pH is of clinical diagnostic sig- 
nificance only in a freshly voided or catheterized 
specimen. 

7-2. Strongly acid urine (i.e., pH lower than 
6.5) is encountered in cases of metabolic acido- 
sis — the ketosis of dia'bctcs mellitus, for example. 
In addition, strongly acid urine reactions are 
found in gout,'^acute rheumatism, chronic neph- 
ritis, tuberculosis of the kidney, fever, leukemia 
and inflammations of the heart, liver, kidneys, 
and lungs. Dehydration causes an acid reaction 
because of the loss in liquid volume without a 
simultaneous reduction in acid (hydrogen ion) 
excretion by the kidneys. FinaUy, an acid re- 
action in urine may occur from the ingestion of 
a higlvrprotein diet. 

7-3. Urinary tract infection is the most com- 
mon cause of persistent strongly alkaline urine. 
Again, this occurs because of the ability of 
urinary bacterial pathogens to split urea to form 
ammonia. The microorganism Proteus vulgaris 
Is most frequendy identified in this connection. 
An alkaline reaction is also found with persistent 
vomiting (gastric acidity is^ reduced) in certain 
anemias, some cases of debility, cystitis, and in 
ca^es of obstructive ulcers. 

7-4. As you noted in the preceding para- 
graphs, urinary pH may be altered by several 
pathological processes. The physician may also 
intentionally alter the urine pH in conjunction 
with therapy. Thi#is generally the situation in 
patients suffering from the formation of urinary 
calculi. You learned in Volume 3 of this course 
about the occurrence of urinary calculi, and that 
certain calculi, specifically oxalate, uric acid, and 
cystine stones, form in an acid urine. In treat- 
ment, then, the physician adjusts the urine pH 
through proper diet and drugs to maintain a per- 
sistently alkaline urine. This eliminates the chem- 
ical environment in which these 2tcid stones form. 
Conversely, phosphate and carbonate stones, 
formed in alkaline urine, are treated by creating 
in the urinary tract an acid urine medium which 
inhibits their formatipn. Another instance in 
which the physician c0(!ntrols urine pH is in the 
treatment*pf a urinar| tract infection with the 
arttifcwdtic,y streptomycin:. Streptomycin is effec- 
tively bacteriostatic oMy when ?n alkaline pH 
is rmintalned. lu^^theppy with die sulfonamides 
an wkaUiie uririe^ is Irejated to prevent precipi- 
sulfa (i^stm^^and caa^eqjient dafti?ige 
to the ^rinary tijact. | ' 1 ^l' y 
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7-5. As you have seen, urinary pH can be a 
helpful indicator for some physiological functions, 
and it adds one more parameter to the physi- 
cian's clinical picture of a patient. Also, we noted 
that in some instances urinary pH measurements 
are essential for adequate treatmeirt of the pa- 
tient. Of course, your responsibility to the clin- 
ician and his patient is to know the technical 
aspects of urinary pH measurement and to be 
able to determine pH accurately and quickly. . 

7-6. Urine pH Measurement. For many years ^ 
urine reaction w^ measured only with litmus 
paper. .They^oior change from red (acid) to 
blue (alk^rfme) in litmus occurs at a pH of ap- 
prpxxni^tely* 6.5 units. Therefore, the reagent 
^rmits only a qualitative reading, i.e., the urine 
specimen is either acid (below pH 6.5) or alka- 
line (pH above 6.5). It is clear from our pre- 
vious discussion of the correlation between phy- 
siological state and urinary pH that such a crude 
measurement is of little value in clinical evalua- 
tion or treatment. Universal indicators or mixed 
indicators are much more useful because they 
indicate pH throughout the range of urine pH 
values. Several types of pH strip indicators are 
shown in the training aids package. You can see 
that there are distinguishing colors at specified 
pH levels. 

7-7. Paper strips impregnated with a variety 
of indicators are available. The pHydrion® paper 
stripsf are furnished through Federal supply chan- 
nels (FSN 6630-442-9005). As you have seen 
on the pHydrion indicator, the pH range of 
these Indicator strips is from pH 1 (red) through 
pH ll\blue) with color changes for each whole 
numberea^unit. The strips may be used for any 
rough pH approximation. They are not made 
exclusively for use in urinalysis. This is the rea- 
son that such a wide range of pH values is avail- 
able on a single strip. Several sources of error 
must be kept in mind when you use these strips. 
First, the strips should be kept in the sealed dis- 
penser and away from strong acid or alkaline 
fumes when not in use. Secondly, the strips 
should be kept dry until they are used. Then, 
when you actually measure pH, you should not 
soak the indicator strip in the solution you are 
testing. Obviously, this means that you should 
not drop an indicator strip into the urine. If 
the strip is soaked in urine the indicator reagent 
will be leached from the paper and pH will be 
impossible to read. The correct way is to dip one 
end of the strip into the urine. Dip it only long 
^enough to saturate the end portion, and drain it 
immediately by touching the strip to the side of 
the container. The strip should not be placed 
on the lab bench after wetting because of a good 



possibility of contaminating the reaction with 
residual chemicals on the bench. Sanitation of 
the workbench is another consideration. 

7-8. The Labstix® and indicator, also included 
in the training aids package, is designed ex- 
clusively for qualitative and semiquantitative 
measurement of specific constituents in urine. 
The innennqst band on the Labstix contains the 
pH indicators, methyl red and bromthymol blue. 
The original color is orange (pH 5), and f^e 
range is through pH 9, which is a blue color. 
Each Labstix is a strip of cellulose with a series 
of small squares of reagent-impregnated paper 
attached. The cellulose is nonwettable and there- 
fore easily drained, so that the reagent squares 
are not soaked by an excess of specimen. In 
addition to the sources of error mentioned in the 
previous paragraph it should be noted that these 
strips are packaged in a screw-capped bottle 
which contains a desiccant (drying) - chemical. 
The bottle must be kept tightly ' closed if the 
reagents are to remain dry and stable. Also, thg^ 
desLee^nt packet must be left in the sto|?agc bot- 
tle.f If these precautions are not observed, at- 
mos^rttetic moisture will be absorbed by the 
strips and the reagents will deteriorate 

7-9. Specific Gravity. "The ratio of the weight 
or mass of a given volume of a substanCfc to the 
weight of an equal volume of a standard, i.e., 
pure water," defines specific gravity. For practi- 
cal purposes, 1 cc. (cm.**, cubic centimeter) of 
pure water weighs 1 gram (1.000 g.) at 4° C. 
To illustrate this definition, let us suppose we 
have an exact cc. of a substance such as urine 
and weigh it accurately at 4° C, to three decimal 
places. If this cc. of urine weighs 1.010 g., then 
we can assume by the definition that the sp, gr. 

is a ratio of | qqq and the sp, gr. is 1.010, Ac- 
tually this procedure is impractical for routine 
use with multiple specimens. However, another 
way to determine specific gravity is to measure 
the displacement of a fluid by a solid of constant 
weight immersed in the fluid. This is the princi- 
ple of the urinometer (hydromister) pictured in 
figure 7. 

7-10. Tbe urinometer is calibrated in distilled 
water at the temperature specified on the stem 
by the manufacturer. The sp. gr. of distilled water 
at the calibration temperature should be 1.000. 
For each 3° C- of specimen temperature above 
the calibration temperature 0.001 is added to the 
sp. gr. readiijg obtained. Of courser^ibis^ value 
is subtracted for each 3° C. less than calibra- 
tion temperature. All new urinometers should be 
checked for accuracy and mathematical correc- 
tions should be made for slight inaccuracies. 
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Figure 7. Urinometer (hydrometer). 

If the calibration value is grossly inaccurate, the 
urinoiQeter Should be discarded. 

7-11. The technique of using a urinometer is 
quite simple. First, bring the urine specimens 
and water for calibration to room temperature. 
If this is not done, the temperature of each 
specimen should be determined at the time the 
sp. gr. is read and suitable correction made. 
After this, S' volume of specimen sufficient to 
float the urinometer is plarced in the glass cyl- 
inder. The urinometer must not touch the bottom 
of the cylinder. Then spin the urinometer in'tM 
urine and take a reading at the bottom of the 
meniscus before the urinometer stops turning 
and settles to the side of the cylinder. Read the 
result to the nearest 0.001 unit. Then add or 
subtract the calibration value and record the sp. 

7-12. The minimum volume of urine neces- 
sary to floal^a urinometer is approximately 15 
ml. This varies somewhat, depending upon the 
sp. gr. You should calculate the dilution to be 
made by measuring the volume of urine avail- 



able. For instance, if 10 ml. of specimen are 
obtained, a twofold dilution with distilled water 
results in a final volume of 20 ml. (10 mL 
urine + 10 ml. HoO). This is more thaa 15 ml. 
and sufficient to float the urinometer. Fo a two- 
fold dilution the three digits following the decimal 
point must be doubled when the sp.^ gr. is read. 
For instance, if the reading on the urinometer 
is 1.004 after correction for temperature, the ac- 
tual sp. gr. would be 1.004 + 0.004 or 1.008. If 
the specimen is diluted threefold (i.e., 5 ml. 
urine + 10 ml. distilled water), then the last three 
digits would be tripled. Thus, a temperature cor- 
rected reading of 1.003 on a threefold dilution 
would mean a sp. gr. of 1 .009 for the undiluted 
urine. The glass cylinder may be rinsed with 
tap water between specimens and must be rinsed 
after very cloudy specimens to facilitate later 
readings. 

7-13. Problem Situation #1: Assume that you 
have a urinometer which was originally calibrated 
at 15° C. You check this calibration at 20° C. 
(room temperature) in distilled water and obtain 
a reading of 1.002 on the urinometer. Your 
first urine specimen is at room temperature and 
it reads 1.0 10. What is the sp. gr. of this speci- 
men? 

7-14. Problem Situation #2: Your second 
specimen is freshly voided urine for a concen- 
tration test and you read it immediately while 
it is warm (37° C). The reading on the urinom- 
eter is 1.020. What is the sp. gr. of the speci- 
nien? 

7-15. Solution to Problem Situation #1: Your 
urinometer was calibrated to read 1.000 at 15° C. 
You checked your calibration at 20° C, which 
is 5° C. higher than calibration temperature. 
For each 3° C. higher you must add 0.001 to the 
observed reading. 

5* C. -r 3* C. = 1.7 
1.7 X 0.001 = 0.0017 

This is rounded off to 0.002, which is added to 
1.000 and gives the calibration result you read 
at 20° C. or 1.002. You muSt add this yalue, 
0.002, to all readings made at this temperature. 
Vour first urine specimen read 1.010 at 20° C, 
therefore, you add 0.002 and the sp. gr. is ac- 
tually 1.012. . 

7-16. Solution to Problem Situation #2: In 
this test for urine concentration the normal spe- 
cific gravity should exceed 1.022. A sp. gr. re- 
sult of 1.020 might be considered equivocal or 
below normal. However, you must consider that 
the urinometer calibration read 1.000 at 15° C. 
and you read the warm urine at 37° C. This is a 
22° C. difference in temperature. In paragraph 
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Figure 8. Clinical model refractometert 

7-10 you learned that 0.001 must be added to 
the observed value for each 3° increment higher 
than the Calibration temperature. 

• 22' C. f • C. - 7.3 

7.3 X 0.00 1 = 0.007 

Adding 0.007 to the urinometer reading will 
make the sp. gr. 1.027. This result is much 
less equivocal than the original reading and it 
is accurate. 

7-17. Refractometric ' Measurement of Specific 
Gravity. There is a direct relationship between 
the concentration of dissolved solids and the re- 



fractive index of a solution. By definition, spe- 
cific gravity is a ratio of the weight (or mass) 
per unit volume, so specific gravity is also re- 
lated to the jefractive index of a solution. A re- 
fractometer is an instrument designed to measure 
refractive index. ^A small clinical refractometer 
developed in recent years has replaced the uri- 
nometer in many laboratories. Figure 8 is a pho- 
tograph of the clinical model refractometer. - 
This instrument will accurately measure urine 
specific gravity to the nearest 0.001 unit. It has 
an advantage in that it requires only 0.02 ml, 
of specimen and is easily loaded with urine. Be- 
cause of the small sample size, the specimen as- 
sumes ambient (room) temperature immediately 
and the corrected value can be read directly from 
an internal scale. Calibration is easily checked 
against the refractive index of water. The effi- 
ciency in time saved in taking multiple specific 
gravity readings is a great asset with this in- 
strument Of course, freedom from tedious ma- 
nipulations is also advantageous. Special care 
should be exercised in using this delicate opti- 
cal instrument. Holders are available to help 
prevent accidentally dropping the refractometer 
while it is in use. If a holder is not used, the 
instrument should be stored in the case provided 
by the manufacturer. In no circumstance should 
the refractometer be left on the lab workbench 
where it might be damaged or pilfered. 
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Microscopic Examination 



IN CHAPTER 1 we learned the proper method 
for establishing ^critical microscopic illumi- 
nation. We will now discuss some of the importicint 
components of urine which can be observed and 
« identified with an adequate microscope system. 
The biological origin of these components and 
their relevance to health and disease relate to 
the structure and functions of the human excre- 
t(5]ry system described in Chapter 1. Our atten- 
tion now turns from the ^oss physical features 
outlihed in Chapter 3 to a systematic examina- 
tion of urinary sediment as another valuable tool 
^to^aid the physician in diagnosing and treating 
, the patient. 

2. The urine specimen must be fresh since 
the nature of the sediment changes with time. 
The pH cha)[iges as mentioned in Chapter 3 and 
as a result, cellular elepients disintegrate. Also, 
dissolved materials which precipitate not only 
change the specific gravity but obscure the mi- 
croscopic field. As urine 3tands, unstable chemi- 
cal components such as urobilinogen will de- 
teriorate until they can no longer be detected. It 
is esseintial that the microscopic examination be 
perfornied within a few hours after collection in 
order to obtain valid results. Refrigeration and/or 
adding formalin is' required if a delay in the 
analysis cannot be avoided. 

3. In addition to these important points 
which were discussed in the preceding chapters, 
it is recognized that technicians may not possess 
adequate knowledge of structures present in the 
sediment. In this chapter we will consider both 
cellular (organized) crystalline and amorphous 
urinary sediments. The use of .stains in obtaining 
consistent and reliable microscopic results will 
be emphasized. Also included is the general sig- 
nificance of normal and abnormal findings. 

8. Organized Sediment 

8-1. Body cells and their derivatives are re- 
ferred to as organized sediment. The common, 
types of organized sediment include blood cells, 
epithelial cells, spermatozoa, and casts. Such 
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structures may be found in small numbers in " 
most urine specimens but if present in large 
quantities, they usually indicate a pathological 
condition. Other organic materials, which may 
be found in urine include mucus^ bacteria,, 
yeasts, parasites, and fat globules. 

8-2. Various contaminants often resemble or- 
ganized sediment. Talcum powder, starch gran- 
ules, and oil droplets are sometimes mistaken 
for blood cells. Starch granules vary in size and 
shape and turn blue-black upon addition of io- 
dine. Oil droplets are spherical and show con- 
centric rings of light refraction upon focusing up 
and down with the fine adjustment. Pollen 
grains may be confused with erythrocytes or 
parasites. They vary in size and appearance 
according to their source. Generally such plant 
material can be distinguished from animah cells 
by the comparatively, thick cell wall and lack of . 
organized internal morphology. Yeast from 'urine 
bottles can confuse a microscopic examination, 
although the use of disposable paper containers 
reduces the potential problem. Yeast cells can ^ 
usualjy be id^ntified^^ by their characteristic bud- 
,ding. Even air bubbles may be mistaken for 
cells. It is helpful to rotate the eyepiece pe- 
riodically to be certain that extraneous structures 
adhering to the glass are not being identified as 
objects (in the specimen. 

8-3. Preparing the Specimen. In most hos- 
pital laboratories, large numbers of specimens 
for microscopic examination arrive in the lab- 
oratory in groups and individually throughout 
the day.^ There is generally no reason to hold' 
these specimens or preserve jhem. Perhaps the 
greatest pr9blem is- keeping them properly iden- 
tified and separated from "stat*' requests. In a 
well-organized laboratory, urinalysis will begin 
with the first group of specimens which can be 
conveniently processed. In other words, don't 
wait until 0900 hours to examine specimens 
which arrive at 0700 hours. Formed elements 
may disintegrate and valuable information will 
be lost. 
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8-4. Is it necessary to centrifuge all specimens* 
for microscopic analysis? While some workers 
contend that it is nor desirable to centrifuge 
urine specimens, experience^ has shown that cen- 
trifugation is probably the best approach. There 
is a chance that not all significant sediment will 
be observed on direct examination of urine. Cen- 
trifugation will not destroy fragile cells if the 
specimen is not centrifuged excessively. On the 
other hand, relatively rare elements, such as 
casts, may be missed altogether if the specimen 
is not centrifuge^. In most laboratories, it is 
considered best to centrifuge 10 ml. of urine and 
*report all elements except casts in number per 
vhigh power field. Casts arc/ reported in number 
per low power field. It is leftJor local policies 
tor decide which specimens, if ^y, can be ob- 
served directly without centrifugation. Cover 
slips should be used to- enhance uniform dis- 
tribution of the sedimoftit which is transferred 
from the centrifuge tube to a corresponding 
slide. The entire specimen must be thoroughly 
mixed bpfore you pour a portion of it into a 
centrifuge tube. There should never be more 
^than two specimens on any one slide. The use of 
Boemer slides is not recommended because 
these slides do not permit the proper usp of cover 
slips. . ^ . 

8-5^ Urine may be cleared^ of amorphous car- 
bonates and phosphates by adding a few drops of 
dilute acetic acid (less than 10 percent) to 10 ml. 
of urine befbre centrifuging. This will permit a 
clear view of significant structures, However, be 
careful not to add more acid -"thap necessary 63 
clear urine because casts atid erythrocytes may 
also dissolve. The urine may be cleared of 
Amorphous urates by mixing the urine with equal 
parts of warm (38'' C.) physiological saline be- 
fore centrifugipg. If less than 10 ml. of the 
urine are centrifuged, you will need to make a 
correction for^ dilution. Of ^course, if yoy use 
10 ml. of urine in addition to diluent, no cor- 
rection is necessary. 

8-6. Staining Urinary Sediment Before dis- 
cussing the appearance of structures in the urine, 
we ' must decide whether we* will be viewing 
stained or unstained \scdiment. The use of stain 
is recommended because it permits rapid and 
accurate identification of olrganized sediment. 
There are real objections to using a stain 
except' lack of training in this regard on the part 
of the lechnician. Best known of the supravital 
stains is the so-called Sternheimer-Malbtn stain. 
The working stain consists of « three parts solution 
A and' 9? parts solution B, and is stable for sev- 
eral weeks if it is fijtered as required. StAk so- 
lutions A and B are stable indefinitely whetf kept 



in separate containers, and consist of the follow- 
ing ingredients. 

^ Splution A ^ 

1. Methylrosanlline chloride (cryslal violiel) — 3.0 g. 

2. Elhyl alcohol 95 percenl--20.0 ml. 

3. Ammonium oxalale 0.8 i!. and distilled pure water 
Id 80 ml. ' ' 

Solution B . 
I. Safranine 0-4).25 g. 
2\ Ethyl alc o h o l 9 3 i%fcent-— 10.0 mf. 
3. Distilled waler 10 100 ml. 

The stain is not difficult to usp since it can be 
kept in^a dropper bottle and a few drops can be 
added to the sediment in the centrifuge tube. 
Once you are familiar with observing stained 
sediment, it will be easy to observe and identify 

, the various types of organized sediment. As em- 
ptiaslzedL in Chapter 1 of this volume, without 
critical illumination it is virtually impossible to 
accurately perform a. urinary microscopic exam- 
ination. Some , of the difficulties as^ciated with 
illumination can be i)vercome by staining .the 
sediment. Throughout the remainder of this 
chapter, we will describe sediment in both the 
stained and unstained conditions. 

8-7. Epithelial Cells and White Blood Cells. 
We will not attempt to distinguish among the 

« types of epitheiial cells on the basis of pathology 
alon^. It is now believed that it is difficult if not 
impossible to state where in the urinary tract 
epithelial cells originate.'' ^ou should be ex- 
tremely cautious in attempting to define the 
origin of a particqjar cell. The term "renal 
epithelial cell** is often used to indicate a rounded 
type of cell. The term "renal" may be a mis- 
nomer ill some c&$es because these cells do not 
always, come from the kidney. Various types of 
epithelial cells are shown' in detail A of foldout 
1, which you. will find at the back of the volume.* 
However, it should not be inferred that cells 
which appear rounded necessarily had their 
origin i^ the kidneys. On the^ other hand, it is 
true that large numbers of^ these cells will be 

, found in chronic kidney disorders, in nephritis 
and in nephrosis. When epithelial cells are noted 
in jcasts^ they are presumed to arise from the 
kidney tubules. 

^ 8-8. It is difficult to state the exact signifi- 
cance of epithelial xells in the urine. A. few 
epithelial cells' will be present in every specimen. 
Generally, there will be more epithelial cells in 
specimens from females than Mn specimens from 
males. Pardy because of fthe predominance of 
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vaginal epithelial cells in many specimens, it is 
advisable * to obtain ''clean catch" specimens. 
These epithelial cells from the vagina ^re of the 
squamous variety and have no significance in the 
study of renal disease. Squamous cells are large 
and flat with round nuclei and may be corni- 
fied or uncornified. Ordinarily, no effort need 
be made to describe or classify them. If it 'be- 
comes necessary to further describe^^^^^thelial 
cells, the Stemheimer-Malbin stain is very helb?^ 
ful. 

8-9. Far more important than epithelial cells, 
from a clinical standpoint, are the white blood 
cells. A few leukocytes are present in normal 
urine, although it is for the physician to deter^ 
mine how m^py is normal. Increased numbers 
of leukocytes ^ay originate from any part of the 
genital or urinary tract. When these cells are 
present in great numbers, especially neutrophiles, 
they ore sometimes referred to as pus cells. 
There is no particular advantage in using this 
term, and instead the report should be given as 
the number of WBCs -per hpf fliigh power 
field). 

8-10. White blood cells are quite easily dis- 
tinguished from red blood cells on the ba^is of 
size and the presence of internal structures. Ob- 
viously, white blood cells are larger, and un- 
less accompanied by at least S or 6 red cells per 
hpf, will not give a positive benzidine test. Oc- 
casionally a white -precipitate due to the presence 
of albumih will obscure the nuclefir structure of 
the leukocytes. The addition of dilute acetic acid ^ 
will clear the field and enable you to see the 
'nuclei. It is important thaf i;ed blood cells be 
identified before adding the dilute acid. Unless 
you do observe the nuclei, it is very difficult- to 
distinguish white blood cells from rounded 
epithelial cells. 

8-11. The presence of pus in urine is termed 
^yurior- In alkaline urine *the leukocytes will ad- 
here to each other in clumps. For an accurate 
count of those cells, the urine is acidifi&d and' a 
blood counting chamber is used. Qualitative or 
quantitative tests for albumin should be performed 
on the clear centrifugate which will be stressed 
again Jn the following chapter. It is ojtcn of di- 
agnostic importance to know if proteinuria (pro- 
tein in the urine) is occurring in addition to that 
derived from the pus cells themselves. For ex- 
ample, when pus cells are found without protei- 
nilria, it is unlikely that the-t infection involves 
the renal parenchyma (funciional tissue). The 
major causes of pyuria are tubular and pyogenic 
infections, tumors, and trauma. 

8-1?. Before concluding our discussion of 
epithelial cells and leukocytes, we will recognize 
two particular kinds of tcellis, the oval fat body 
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and iht glitter cell. Oval' fat bodies are charac- 
teristic of degenerative tubular disease. They are ^ \^ 
found within the intact^pithelial cell periphery 
as inclusions (fat droplets). Oval fat bodies may 
appear black under low illuminatioh because of 
their liigh refractive index. They stain orange , 
with Sudan III. Glitter cells are nonviable, poly- 

^ morphonuclear leukocytes which 'contain many 
bacteria. They may be confused with epithelial 
cells that contain fati Their name ,is derived 
from the glittering, shining appearance in mod- 
erately bright light. The diagnostic value of glit- 
ter cells is uncertain. They are reported to be 
of some diagnostic value in cases of pyelode- 
phritis. With the Sternheimer-Malbin stain, glit- 
ter cells stain pale bluer whereas other white 
blood cells stain darker blue. White blood cells, 
glitter cells, and oval fat bodies are pictured in de- 
tail Bof foldout 1. ^ 

'8-13. Hematuria and Erythrocytes. The ap- 
pearance of blood in the urine, whether gross or 
only a few cells, is referred to as hematuria, 
Hejnaturia may be due to any one of several 
clinical conditions. These include carcinoma, 
chronic inflammation, renal calculi, nephritis, 
cystitis, and hemorrhagic diseases. ' In some 
cases, hematuria is the^ only reliable clinical 
symptom to aid the physician in diagnosis and 

. treatment. You are probably already aware that 
hemati^ia occurs when incompatible blood is 
transfused into a patient. Trauma to the kidneys 
from an injury also produces bloody urine. In 
general, we can state that a significant amount 
of blood, in the7 urine is a serious pathological 
finding unless >it is the result of meifstrual dis- 
charge. It is forahe physician to determine how 
much blood' is significant; however, a normal 
24-hour urine specimen may contain up to 650,- 
000 RBC*s. This would represent only an oc- 
casional RBC per low power field (i.&., one cell 
seen in 3 to 6 Ipf). This value is the same for 
males and females but the possibility of contami- 
nation from the vagina or uterus of females is 
considerable. Urine which contain§ gross blood 
(discernible macrOscopically) should be positive 
for proteinj 

8-14. The appearance of erythrocytes (RBCs) 
varies considerably depending upon the pH, spe- 
cific gravity, and age of the specimen. Red cells . 
may sometimes be confused with yeast cells or 
white blood cells. Actually,* white blood cells are 
one and one*half times as targe as red cells, and 
yeast cells frequently show budding. If there is 
any doubt, add a drop of 10 percent' acetic acid. ' 
Red blood cells will berpolyze. whereas other 
structures are unaffected. As mentioned in a 
preceding^ paragraph, the benzidine test will de- 
tect as fevy as 4 or 5 red jblood cells per high 
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INTACT RED BLOOD CELLS 



GHOST' BLOOD CELLS 
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power fleld. Red cells may be intact, crenated, 
or ghost (hemolyzed). All three types are 
shown in figure 9. 

8- IS. Crenation of erythrocytes occurs in hy- 
pertonic urine, and hemolysis is due to swelling 
and bursting of the red cells in hypotonic urine. 
As you will recall from your, study of clinical 
chemistry, a hypertonic solution is one in which 
the concentration of ions (other than water) is ^ 
greater outside the cell than inside. A hypotonic 
solution is a solution in which the concentration 
of ions is less outside the cell than insidei Con- 
sequently, in a hypertonic medium water is with- 
drawn from the cells, and in a hypotonic medium 
water moves into the cell. Dilute urine is hypo- 
tonic, and as a result, ^host forms of erythro- 
cytes may be observed. The urine in this case 
will still give a positive result in chemical tests 
which digtect hemoglobin. Large amounts of 
blood that have been present in urine for any 
length of tijiie wiU cause the color of urine to be 
a smoky red-brown. However, bile or various 
dye substances which are excreted may also 
cause the urine to appear this color. Hence, 
color alone, is not a reliable indication of blood. 
Fresh blood in urine appears, bright red. 

8*16. Casts. Cylindrical bodies which are 
formed in the lumen of the renal tubules are re- 
ferred to as casts. They usually consist of a hy- 
aline matrix in which organized ' sediment is 
imbedded.^ However, other types of casts may 
also be found on occasion. Casts are differen- 
tiated by their microscopic appearance (coarse 
granules, Hne granules, hyaline); identification 
of inclusi9ns (epithelial, red cell, bapterial); the 
chemical nature of their inclusions, (waxy, fatty, 
.hyaliil); and finally by their histochemical re- 
actioios or "staining characteristics, lliese are 
overlapping distinctions, and you musylceep this 
in mind as they are discussed. 

8-17. Table 1« represent one classification of 
casts in urine. Let us discuss each of the types 
of casts mentioned in this table. Note that our 
system of classification does not follow, that out- 
lined in AFM 160-49, Laboratory Procedures 
in Clinical Chemistry and Urinalysis, The clas- 
sification presented in this chapter is somewhat 
more systematic and based upon distinctions 
which can be discerned with the Stemheimer- 
Malbin st^in. 

^ 8-i8. if you will look at the li^ng in table 
1 you will see two major categpries of casts: A, 
Hyaline, and B, Epithelial. These distinctions 
are based upon the original "material which 
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* Hyaline casii* Tht term hyalin (hi* ah*lio) is often confuied 
with hyaline (hi* ah-lin). and in (act these terms are sometimes • 
used synonymously. Technically. hyaUnt refers to an optical 
characteristic, and itaptiea transparency. HycUn is a translucent 
albuminoid substance. « < 
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Table 1 
CLASSIFICATION OP Casts in Umne 

A . HyaLine / 

1 . Transudation (cleaj hyaline) 
, 2 . Inclusion Gaits 

a. Fine Granular 

b. Goarse' Granular 

c. Tubular Epithelial 

d. - Red Cell 

e. I^her Bacterial, Crystalline / Fatty 

B. Epithelial 

, 1. Fresh Cell Cast^ " ^ ' 

2. ^Degenerated ) ^ 

a. Fine Granular 

b. Goarse Granular 



c. Waxy 

d. Fatty 

formed the cast. The clear hyaline cast is 
formed by the precipitation of protein in the lu- 
men of the kidney tubules. Hyaline casts rapidly 
. disappear in an alkaline medilim. A hyaline cast 
consists exclusively of a colorless, slighdy refrac- 
tile matrix. Consequendy, it has the appearance 
,of almost complete transparency. If stained, it 
appears pale pink to light purple and has a hom- 
ogenous central portion.^ Hyaline ca^ts are 
sometimes called transudation casts. A^ear hy- 
aline cast is illustrated in detail C of foldout 1 . 

8-19. In addition to clear hyaline casts there 
are various types of inclusion casts uiiider the 
broad classification of hyaline (see table 1).* 
Practically any cellular material which is pres- 
ent in the kidney tubules may be trapped in the 
precipitated matrix* of a hyaline cast. The c^sts 
may a^Jpcawifihely or coarsely granular. Gran- 
ules. stain purple, and the hyalin matrix stains 
Ilk. The cellular source of the granules is un- 
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•For the remainder of thb chapfer. "stained sediment" ^ill 
me|fl sediment stained by the Sternheimer-Malbin technique. 



certain. .They may 'be degenerated blood cells 
or epithelial cells. If the tubular epithelial cells 
are intact within the hyalin matrix, we refer to 
the cast as a tubular epithelial inclntsion cast. 
The epithelial cells are from the renal tubules 
and represent a pathological process. A tubular 
epithelial cell inclusion cast is shown in detail 
D of foldout 1.. 

8-20. Refer again to table 1. Under A,2, 
hyaline inclusion^ is the red cell inclusion cast. 
Unstained red blood cell casts are usually orange 
in color. If the cast appears homogenous with- 
out defined cellular outlines, it is referred to as 
a blood ^cast rather thin a red cell cast. Some 
evidence suggests that clinical value can be de- 
rived from identifying these two kinds of casts.. 
Blood casts are rarely seen unless associated with 
gldmorulitis or, in some cases, with collagenic 
disordeR>v Red blood cell casts* occur with 
greater frequency in many other conditions. A. 
red cell inclusion cast appears as a mass of red 
blood cells which stain pale lavender. The cells 
are usually tighdy packed, so that litde pf the 
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pink staining matrix can be seen. Graduations 
of the two types may.be found/ Both the blood 
cast and the 'red cell cast are compared in de- 
tail E of foldout I. 

8-21. The final, listing in table 1 under hyaline 
inclusion cast includes bacterial, crystalline, and 
fatty hyaline inclusion casts. Bacteria within 
casts stain dark .purple and can usually be iden- 
' tified as bacteria without difficulty. Occasionally 
bacteria may be seen within the white blood cells, 
giving rise to glitter cell casts. Crystals can be 
identified within casts by their characteristic geo- 
metric design. Oi'dinarily, it is not necessary to 
identify the cast beyond the fact that it is a 
crystal inclusion cast. A fatty inclusion cast in- 
corporates highly refractive fat droplets. Fat will 
not stain with the Sternheimer stain. Fatty pasts 
are characteristic of degenerative tubular disease.* 

8-22. The second major classification of casts 
in table 1 is B, Epithelial, Epithelial casts, in 
contrast to hyaline casts, . are formed by des- 
quamated epithelial cells which are not cemented 
by a hyalin matrix. Rows of cells may slough 
off the kidney tubules, suggesting considerable 
damage to the tuBule lining. The mold of the 
kidney tubule, itself, shapes the cast. If this 
type of cast appears with' distinct cell njargins, it 
may be referred to as a fresh tubular epithelial 
cell cast (see detail D of foldout 1). However, 
an epithelial cell cast .of this type does not al- 
ways remain intact. It may degenerate to form 
a coarse granular cast or a fine granular cast. 
These two kinds of casts are illustrated in detail 
F of foldout 1. There is no hyalin material 
present which can be detected with the Stem- 
heimer-Malbin stain. If the ctost disintegrates 
f iirther until a homogenous masi i^ formed, it 
then becomes a waxy cast. Detail F of foldout I 
also shows a waxy cast. A waxy cast is the 
most degenerate form of an epithelial cell cast. 
It stains a uniformly dark purple. This is due to 
the inclusion of amyloid, an abnonnal plitein 
which deposits in the kidney.* The waxy cast is 
the most likely to be found in urine of high 
specific gravity following a period of oliguria. 
^Waxy casts are found in cases of severe renal 
lesions and in some cases in amyloid degenera- 
tion and advanced nephritis. 

8-23. The size of casts is a consideration 
worth noting. Of course, ia cast from a child will- 
be smaller tlian a cast from an adult because 
the lumina of the tubulps in a child's kidney 
are smaller. With due regard ^to this expected 
difference, casts are occasionally seen which are 



•1 Amyloid, 
glycoprojein. 
been determined 



An amyloid . is a starch<like protein, probably a 
The exact chemical composition of amyloid has not 



very narrow. , This is significant because it sug- 
gests a swollen tubular epithelium. Conversely, 
very broad casts may be observed. Their pres- 
ence is an important laboratory finding. Broad 
casts are formed in the large collecting tubules 
and result from urinary stasis which, in turn, is 
caused by the diminished function of large num- 
bers of nephron units. Although they are usu- 
ally, granular, 'broad casts may be any of the 
types previously discussed and are -associated 
[ with renal failure. 

8-24. It is important to recognize that cast 
formation is generally described in terms of 
theories. Consequently, it is difficult to classify 
casts without subscribing to «a particular tl^oiy 
of how casts are formed. One theory suggests 
that waxy casts and fatty casts are derived from 
hyaline casts; and that epitheUal casts are merely 
one type of hyaline cast. More recently, some 
authorities have identifled two types of epithelial 
and grannlar casts, one being hyaline, and the 
other nonhyaline. This distinction was made in 
the preceding discussion because there is a type 
of granular cast in which a hyalin ^(albuminoid) 
Matrix cannot be de^pnstrated. It is ^assumed 
that this later type of granular' cast is derived 
from epithelial casts which have either lost their 
hyalin matrix or never contained a hyalin 
matrix. .These casts 'may contain protein, but not 
the' hyalin material which is characteristic pf hv,^ 
aline casts. The need to distinguish the tjivo qaro^ 
gories of granular casts (i.e., granular hyaline in- 
clusion and granular desquamation casts) is stOl 
uncertain. Actually, the distinction is easy enough 
to make based on the tespectivfe histochemical 
reactions with' the Stemheimer-Malbin stain. 
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Figure 10. Cylindroids. 
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ent in greatly increased numbers, however, they 
may be important In addition, certain patho- 
logic conditions are accompaiiied by the excre- 
tion of abnormal crystals in the urine. Learn to 
identify the common types and the most com- 
mon clinioally significant crystals. In doubtful 
cases it may be advisable to consult the physician 
and inquire ab|put medication and other pertinedt 
facts which may have produced the crystals in 
question. 



Figure 11. Yeast cells. ^ 

Hyalin stains bright pink. Epithelial cell casts 
without a hyalin matrix are desquamation casts. 
Epithelial casts with a hyalin matrix are inclu- 
sion casts. This distinction may be of some value 
to the clinician. 

8-25. Cylindroids resemble casts, but usually 
have one drawn-out tapered end. They are of no 
great clinical significance other than being pres- 
ent in increased numbers in inflammatory con- 
ditions. Their origiq is not known. Mucus 
throiads are long, slender, transparent strands 
which may normally be found in small numbers. 
Inc^ased numbers are present in urethra and 
bladder irritations. They are usually twisted into 
various shapes^with a tapered end as shown in 
figure 10, and this characteristic aids in dis- 
tinguishing them from casts. 

8-26. Spermatzoa are easily identified by their 
characteristic shape, but their presence is gen- 
erally not reported unless specifically requested 
by the physician. Yeast cells may be present 
pathologically or as contaminants. These cells 
are sometimes confused with red cells. A care- 

study of the specimen will usually reveal bud- 
ding which is a charact^stic of yeast ceQs as 
suggested, in paragraph Js-14 and illustrated in 
figure 11. Parasites are sometimes, found in 
urine, too. The most common are Trichomonas 
species. Shistosoma haemotobium is less com- 
mon but may be found in the iirine. A discussion 
of these parasites will be found in Career De- 
velopment Course 904 1 2. 

9. CrystaliiM and Amorphous Sodiimnfs 

>9-l. The majonty of the crystals found in 
fresh urine are not clinically significant. If pres- 



9-2. An approximate classification of inbr- 
ganized sediments based upon the pH of the 
urine may be used, but this division is not 
absolute. For instance, some crystals normally 
found in acid urine may be present in a sample 
which is neutral or slighdy alkaline. The change 
from acid to alkaline urine crystsds occurs grad- 
ually as the* acid constituents deteriorate. Upon 
aging of the specimen, the number of crystals 
'^^creases. Since most inorganic substances are 
. more soluble at higher temperatures, cooling of 
urine will cause precipitation of crystals. In some 
cases it may bd. necessary to gently warm speci- 
mens taken f^m the refirigerator or change the 
pH in order to obtain U clear microscopic field. 
Heavy amorphous sediment (without observable 
structure) wOl make it very difficult to accurately 
perform a microscopic analysis. 

9-3. ^NonnaT Crystal and Amorpbons Con- 
tent of Alkaline Urine. Triple phosphate (am- 
monium magnesium phosphate), dicalcium phos- 
phate, amorphous phosphates, and ammonium 
^ biurate crystals are frequently found in alkaline 
specimens. These crystals are all soluble in acetic 
acid and as a group, may be differentiated from 
other crystals by their characteristic. 
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Figure 42.. Triple p|i(Mphate cryitalt. 
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figure 13. Ammontum bturates. 



. 9-4. Triple phosphate crystals are colorless, 
high refractile prisms varying in size and pre- 
senting three, four, or six sides, giving the typi- 
cal coffin-lid forms. The edges will often appear 
colored. Dicalcium phosphate usually crystal- 
lizes near the neutral poiiit (pH 7.0), forming 
slender, colorless prisms with one pointed end. 
Various forms of triple phosphate crystals are 
given in figure 12. Amorphous phosphates are 
cdmmon in alkaline urine and appear as a gran- 
ular precipitate. 

9-5. Ammonium biurates are precipitated only 
when free ammonia is. present. ^ They may be 
found in ^veral different forms, for example. 




I^gure 15. Calcium oxalate.^ 

in sheaves of fine needles and dumbbells as pic- 
tured in fi^e 13. They have a characteristic 
yellow color, and dissolve when the urine is 
wadmed. Ammonia is fiberated upon the ad- 
ditilb of acetic acid. T 

9-6. ^onnar* Ciystal aod Amorphous Con- 
tent of Add Urine. Uric acid, amorphous urates, 
and calcium oxalate crystals are often found in 
acid specimens, particularly after standing. Uric 
acid crystals are found in many different forms. 
The rhombic shape with an occasional rosette, 
as seen in figure 14, is typical. Uric acid' crystals 
. are soluble in sodium hydroxide. They are typi- 
cally yellow or red-brown in color aqd may, like 
urates, give a cloudy or milky appearance to the 
specimen. 

9-7. Amorphous urates are common and ap- 
pear as*k ^anular precipitate, usually pigmented. 
Differentiation between this type^ of urates and 
amorphous phosphates may be made by noting 
the pH of the urine, the effect of 10 percent 
sodium hydroxidef^lrseBtle heating of the urine. 
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IHguie 16. Leucine. 
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Figure 17. Tyrosine. 

Amorphbus urates are soluble In alkali and upon 
warming. ' ' . 

9-8. Calcium oxalate crystals are most fre- 
quently /ound in acid urine but may also appear 
in neutral and alkaline urine. They arc of little 
importance, and usually result from a rich dier 
of tomatoes, rhiibbrb, and asparagus. Calcium 
oxalate crystals are soluble in hydrochloric, acid 
but not in. acetic acid. Calcium oxalate crystals 
yary greatly in size" and shape but are generally 
seen as colorless, octahedral (box-shaped) crys- 
tals' resembling small squares crossed by two in- 
tersecting diagonal lyfcs ("envelope" appearance) 
as picttired in figure 15. vThey may alsq^ appear 
as dumbbells orr spheres. 

9-9. Abnormal Crystab. Iti^ possible that you 
will find crystals of some of the amino acids or 
crystals of cholesterol in urine. ' The three amino 
acids we will consider are leucine, tyrosine, and 
cystine. , 



9-10. Leucine and tyrosine crystals are cleav- 
age prgducts of protein i^nd usually occur simul- 
taneously. They are formed as a result of serious 
liver damage, but they are rarefy found in urine. 
Leucine crystals are yellow spheres often possess- 
ing radial and concentric striation^, as illustrated* 
in figure 16. They arc soluble in* alkali, but not in 
dilute hydrochloric acid or in dilute acetic acid 
at room temperature. Tyrosine crystajs appear 
as very fine needles usually arranged in jlii^aves 
with a Mpstrigtion in the middle as skct9hcd in 
figure TrT Tyrosine crystals show the saipe so- 
lubility pattern just described for leucine, ex- 
cept tyrosine is not soluble in boiling acetic acid, 
whereas leucine dissolves in this solvent. ^ 

9-11. There are rather»«imple chemical tests 
for tyrosine and leucine. To test for ' tyrosine, 
, adjust the pH of an aliquot of the* urine to be 
tested to 5.8. Then place the sample in the refrig- 
erator until crystals aret formed and can be sepa- 



Figttre 18. Cystine. 



* Figure 19. Cholesterol^^.. 

f ' ■ ' 

rated. To this crystalline precipitate, add 2 ml. 
of Momer* reagent." The mixture is heated to 
boiling and observed for. the appearance of a 
green color which is consfaered a posi^e test for 
tyrosine. ' ^ ^ 

9-12. To test forJeucine, adjust the pH of an 
aliquot of urine to^ 6.8 or '7.' K^o^ crystals to 
precipitate in the refrigerator. fThen dissolve 
the precipitate in a few milliliters* of water and ' 
add 1 drop of 10 percent copper^ sulfate., Leuci'njp; 
gives a blue color which remains stable when ,the ' 
mixture is heated. . ' ^ 

9-13. Cystine is also a br^akdoAvn product of 
protein that appears very .rarely. The crystals 
occur in acid urine as colorless, highly refractile, 
hexagonal plates with well defined edges as 
shown in figure 18-. Cystine i:rystali^ are not solu- 
ble in acetic acid; however, they are soluble in 

"^Momer reagent. 1 ml. formalin. 45 ml. water^ and 55 ml. 
sulfuric acid added in this order. 



28 



^ v> ^ 



hydrochloric acid and in alkali. Crystals that 
have been separated niayH3jp identified by the 
Sullivan test. In this test, crystals are dissolved 
in 2 ml. of water to which a few drops of sodium 
hydroxide have been added. Add 1 ml. of 5 
percent sodium cyanide solution and allow the 
mixture to stand for 10 minutes. In rapid sue- 
cession, add the following: 0.5 ml. freshly pre- 
pared 0.5 percent 1, 2 napthoqUinone-4-sodium 
sulfonate and 2.5 ml. 10 percent anhydrous 
sodium sulfite in 0.2N^ sodium sulfite. After 30 
minutes add 0.5 ml. 2 percent sodium hyposul* 
fite in 0.2^ sodium hydroxide. The appearance 
of a red color is positive for cystine. 

9-14. Cholesterol crystals are rarely found. 
They have a characteristic "missing comer" and 
appear in acid specimens as large, flat, colorless 
plates as sketched in figure 19. Other rarely 



" ^ulfooamides. This is a (roup of compounds consistinf of 
amides of sulfanilic acid which have in recent years replaced the 
more toxic parent compound, sulfanilamide (a produa of coal 
tar) for the treatment of bacterial infections. 



found crysfals include calcium sulfate, hippuric 
acid, hcmatoidin, indigo, and fatty acids. 

9-15. Sulfonamides^^ Following treatment of 
the patient with sulfa' drugs, crystals of the sul- 
fonamides and their d<?rivativcs may be found 
in either alkaline or acid urine. Ccjtijugated 
derivatives, e.g., acetylsulfathiazole, are less likely 
to be found in alkaline urine. Sulfamerazine and 
sulfadiazine- are also less likely to be found in 
alkaline urine because of their increased solubility 
at higher pH levels. Unfortunately, the crystals 
which you will observe arc ^of ten derivatives of the 
drug that was administered. Consequently, the 
shape of the crystals will vary x:onsiderably. Free 
sulfonamides and acetylsulfanilamide are less 
likely to be' found than other derivatives because 
of their relatively high solubility. Rather than at- 
tempt to identify all of the various sulfa crystals, 
(Consult the physician concerned and ascertain the 
importance ofvthe identification. If it is important 
to investigate, a book such as Bray's Clinical 
^Laboratory Methods or AFM 160-49 will -be 
helpful. 
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Chemical Examination 



CHAPTER 2 OF this volume related tlie basic 
physiology of the renal system. You may 
wish to refer to Chapter 2 as we begin a descrip- 
lion of qualitative urine chemical tests. You should 
recall that the quantitation of some urinary 
chemical constituents and their physiological sig- 
nificance have previously been studied Mn Vol- 
umes 2 and 3 of this course. In these preceding 
-volumes on blood chemistry where the chemical 
constituent was common to both blood and urine, 
the quantitative aspects of urine chemistry were 
also discussed. For exairiple, the chapter on pro- 
teins of Vdlume 2 covered* chemical and nlcta- 
Bolic aspects of protein excretion. The physio- 
logical chemistry of liver function also' included 
considcr-ation of bile pigmchts and titc physio- 
logical mechanism by which they appear in urine. 
Kidne^ function tests were covered at length in 
Volume 3. . • 

' 2. This, chapter will deal ^ with the technical, 
aspects of screening urine specinoiens (qualitative 
analysis) for various biochemicals of clinical im^ 
. portance andv when necessary* roughly estimating 
the quanlhy of a chemical constituent (semi- 
quantitative analysis). As you study this chapter, 
keep Jn mind that although the methods used 
are the simplest in 'the cliilical laboratory, the 
physiological mechanisms whiqh you are measur- 
ing involve very complex biochemical principles. 

10. Urinary Protein 

10-L A qualitative test for protein in, urine 
(proteinuria) is one screening test always incfuded 
in^ routine urinalysis. Healthy adults normally 
excrete less than 100 mg. of protein in 24 hours/ 
This protein excreted by the kidneys has been ' 
shown to be derived from' the plasma proteins. 
Although albumiais the primary protein fractio^ 
normally excreted, smaller quantities of globulh 
are also eliminated. Ii^ is theorized that more 
albumin is excreted by the kidneys because of ^ 
its relatively low mpleeular weight (70,000) and^ 
correspondingly smaller molecule. 'Normally, the 



glomerular filter is impermeable to protein mole- 
cules larger than albumin, e.g., globulin (MW 
165,000). 

10-2. In active renal disease, protein-like sub- 
stances called proteoses have been identified jn 
urine by electrophoresis. Proteoses migrate with 
the globulins electrophorctically and interfere' 
with some tests for protein. Protein is also con- 
tributed to urine from the lower genitourinary 
tract. This includes protein from the ureters, 
bladder, urethra, and prostate. These constitu- 
' ents are nonscruiTi proteins with an elcctro- 
phoretic mobility slightly greater than albumin. 
They are the so-called 'Tamm-Horsfall" muco- 
pfotcins and are important because of their con- 
fusion with scrum-derived protein. 

10-3. Transitory proteinuria may result from 
extraordinary physical exercise or ingestion of a 
high p^rotein meal. The temporary impairment 
of renal circulation which results from postural 
aberration will also cause a traqsitory proteinuria. ^ 
This is known as orthostatic proteinuria, and it 
disappears when the impairment is relieved. 
Proteinuria in these cases cannot be attributed 
directly to kidney disease. It is usually tempo- 
rary and docs not exceed 500 mg./day. Protein- 
uria may also occur in disease states that are 
not primarily renal, sach as febrile conditions. 
Another extrarenal cause of albuminuria is bleeds 
ing into the urogenital tract' as a result of trauma 
or disease. This could result from trauma during 
the passage of urinary calculi, for example. 

10-4. The critical importance ,of testing for 
proteinuria, however, is in the diagnosis of kid- 
ney disorders. It has been said that protciniKia 
is probably the best single indication of renal 
disease. For this rcasojp, proteinuria is always 
thfoughly evaluated, by an attending phy.sician. 
Consequently, most authorities recommend' that 
dH positive urine protein screening tests be con- 
firmed by a second, different qualitative test. 
Confirma^ry testing in this instance ?s done for 
two reasons; (I) the clinical importance of >fhe 
result and .(2) thd limitations of any single method. 
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10-S. Urine Protein Methods. Probably because 
of the long history of urinalysis and its time* 
honored place in clinical diagnosis, many methods 
exist for the qualitative analysis of proteinuria. 
Although older texts and some newer revisiofls 
refer to albuminuria, it is a misnomer. All . 
qualitative analyses used in urinalysis identify 
protein and are not specific tests for the alj^min 
fraction. Some reagents used in testing rbr . 
proteinuria are more selective than others. You 
may recall that in Volume 2 of this cdlirse we • 
spoke, of various precipitants for protein and ex- 
plained the ''salting out" of specific protein frac- 
tions. You should remember also that these re- 
actions were dependent upon the nature of the 
protein (i.e., isoelectric point) and the nature 
of the reagents (i.e.> pH and salt concentration). 
These principles are also important to remember 
in studying the qualitative analysis of urinary 
proteins. 

10-6. A con^plete listing of all the known urine 
protein screening tests is impractical. These tests 
involve the use of heat and acetic acid, sul- 
fosalicylic acid, trichloroacetic acid, picric acid, 
nitric acid, and biuret reagent , (used alone or 
in combination with salts siich as sodium chlo- 
ride, magnesium sulfate, potassium ferrocyanide.. 
and sodium acetate): The literature is filled with 
these methods and more. Some have been used 
.as salts in spot tests, ^n^ dilute and concentrated 
^solutions, and as test tybe ring tests. 

10-7. The more modem approach is to use a 
buffer salt vyith an indicator which changes color 
at different proteiiuconcentrations. Su^h a rea- 
gent has been incWporated into a well-known 
test strip for rapid screening of urine specimens. 
This procedure will be discussed in more detail 
later, in this chapter. Because of the necessity 
for a confirmatory test, several other methods 
will alsQ be included in our discussion. The heat 
wittt acetic acid technique and sulfosalicylic acid 
test are probably the most widely nised of these 
other tests. 

10-8. Prerequisites. At this point we might 
consider what prerequisites are desirable in a 
qtialitativc screening test for urine protein. Fim 
of aU,v it must detect abnormal amounts of pro- 
tein. In order to define an abnormal amount, 
we must first decide upon the so-called ''normal'* 
limits. Since we are concerned with a screening 
test, we will be interested primarily in only the 
upper normal limit. Ranges in the literature for 
normal 24-hour urine protein extend from a low 
of 20 mg./24 hours to a high of 250 mg./24 
hours. This^wide range is i^nderstandable in view 
of variables which influence this value^ such as 
24-hour urine volume, diet, method .of analysis, 
and normal individual physiological fluctuations. 
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It is obvious that clinical interpretation by a 
physician is essential to determine any specific 
norm for a particular individual. 

10-9. Considering - all the above factors, cur- 
rent literature has establisehd an upper limit of 
"normal" between 70 and 100 mg./24 hours. If 
normal fluctuations in urine volume afe ac- 
counted for, this amounts to 7 to 10 mg./lOO ml. 
of urine. Since the method employed is impor- 
tant, it should be noted that these analyses used 
trichloroacetic acid precipitation in two cases with 
the biuret color reaction for the lower value (20 
to 75 mg./24 hours) and photoelectric measure- 
ment of turbidity for the higher value (2Q to 100 
mg./24 hours). Precipitation with alcohol and 
reaction with biuret yielded the lowest value of 
"at least 71 mg./24 hours." It was demonstrated 
electcophoretically that alcohol does not precipi- 
tate most of the proteoses. 

10-10. These figures establish another crite- 
rion for a qualitative urine protein test. The 
test should not be so sensitive that it will react 
with "normal" amounts of urine protein. In other 
words, the sensitivity should be no greater than 
5 to 10 mg./lOO ml. of urine. Under certain con- 
ditions, trichloroacetic acid and sulfosalicylic 
acid will detect protein concentrations of less than 
I mg./lOO ml. Consequently, under such condi- 
tions, these tests would be unacceptable for screen- 
ing urine protein. The problem of excessive sen- 
sitiviy can be eliminated with appropriate dilution 
of the protein specimen. The biuret reaction 
Which you studied in V?)lume 2 is also extremely 
sensitive to dilute protein solutions. The difficulty 
in using biuret as a screening test arises from its 
nonspecific reactions with many other normal 
urine constitutents. ^ 

10-11. False Reactions. False reactions have 
always been a problem with urine screening 
tests. As stated previously, etroneous^ reactions 
^are the prime reason for confirmatory testing. 
If you will look at table 2, you will see some 
of the possible causes for false reactiojis reported 
in the more common protein screening tests. It 
is evident from the table that the nitric acid ring 
test reacts with many substances found in normal 
urine. The excessive number of erroneous re- 
actions renders ;his test practically worthless as a 
protein screening test. The Roberts** modification 
is said j^have fewer nonspecific reactions, but 
' research^iipport for this premise is lacking. 

ll)-12. It should also be stated that the false 
. reactions listed are not invariable. For instance, 
"penicillin "in massive doses" is reported to inter- 
fere with both the nitric acid and sulfosalicylic 



^ Roberts Reagent. 1 part concentrated nitric acid added to 5 
parts saturated aqueous matnesium sulfate. 
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Tablb 2 

PossuLB Faisb RBApnoNs Repohted in Quautativb Uwne Protein Tesib 



Causable Agent 

Urine Turbidity^ 

Tolbutamide^ Metabolites 

X-ray Media Iodine 

Penicillin 

Sulfa 

PAS5 

Strong Alk'! Buffer 

Proteoses 

Mucin 

V 4 
Resinous Acids 

Urea 

Uric ,Acid 
Strong Dye 

Reagent Contaminat idif 
Leaching Reagent 



SulfosaXicylic 
Acid 

(Exton*s Reagent) 



Nitric Acid 
CHellerT " 



Heat S 
Acetic 



Heat g 
Buffered 
Acetic 



Reagent 
^trip 



+ 

+ 
+ 



± 
+ 



+ 
♦ 
+ 
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1. May be removed by centrif ugation 

2, Used in treatment of diabetics^ 

3. Para-amino-salicylic Acid 

4, ^ From drugs such as benzoin 
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Table 3 

PossuLE Reactions of Uiunb and Acfixic Acid in the 
QuAUTATiVB Screening Test for Protein 




Specimen 
Appearance 


After 
^ Boiling 


After ^ After 
Acidifying Reboiling 


Interpretation 


Clear 


Clear 


Clear 


Norliial* 


Clear 


> 

Cloudy 


Clear 


Phosphates 


Clear 


Clear or 
Cloudy 


Clear 

Effervesces 


Carbonates 


Clear or 
Cloudy 


Below 60OC. 
Cloudy 


Cloudy Over 60^C. 

Clear ' 


Benc^-Jones or 
' Proteoses * 


Clear 


Cloudy 


SI. Cloudy to Same or 
Flocculent Increase Cloud 


Positive** 
Protein ' 


Cloudy 


Clear 


Clear ' ' 


U^tes 


Clou4y 


Clear 


Clear ^ Mare Cloudy 


Excess Urates^ 


Cloudy 


Cloudy 


Cloudy Cloudy 


Microorgaiftsms* 


■ ( . 

* ' Normal Protein Less Than 5 to la mg/100 ml. ^ 
** Positive Protein Greater Than 5 to 10. mg/100 ml, 
***Microorganisms Confirmed Microscopically 


». 
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acid tests with no qualification as to a more 
* exact concentration. Further qualification in the 
legend of .table 2 should be noted. As it indicates, 
urine turbidity can be discounted entirely as the 
cause of erroneous results if the urine can be 
cleared by centrifugation. You arc aware that 
clearing by centrifugation can be donc^with many 
specimens, and that centrifugation is the usual 
procedure when a microscopic examination is re- 
quested. 

10-13. If proteoses arc interfering, they can be 
dissolved in saturated picric acid, which^ also 
precipitates prpjein. Thus, in this case a sub- 
, sequent test specific for the interfering substance 
may also be used to substantiate results. Modifi- 
cations in method, such as the use of heat with 
sulfosalicylic acid, can be used to dissolve pro- 
teoses and Bence-Johes protein without affecting 
precipitated albumin and globulin. These dis- 
solved substances can be identified by clearing 
of the. specimen when it is warmed and thereby 
excluded as a cause of falSe reactions^ 

10- 14U Subjective interpretation by the tech- 
nician, although undesirable technically, is un^ 
avoidable with these qualitative tests. In , table ^3 
the listing 6f reactions observed with heat and 
acetic acid at various^ points in " the procedure 
clearly illustrates the interpretation required of a 
technici^in. Without a thorough understanding of 
^hese reactions, valid results are not attainabfe. 

10-15. Even the^ widely used reagent'strips are 
subject to false reactions. Highly buffered alka- 
line urine which may be encountered in aged 
specimens gives a falsely positive color reaction. 
This reaction is noted in table 2. /The reason is 
that the strip contains a buffer sQlt^which main- 
tains a pH of 3 and the indicator will indicate 
protein concentration accurately, only at this pH. 
Any substance which breaks this buffer system 
will invaljidatejhe reaction. This principle is. dc^ 
tailed in paragraph 10-22. If the buffer salt de-- 
terioriates through improper storage or is con- 
taminated in handling, the buffer system could 
be destroyed. Any strongly alkaline reaction with 
a positive protein strip te^t should b^ checked 
with heat and acetic acid. 

iO-16. As shown in table 2, the heat and 
acetic acid test may give a false negative reac- 
tion in highly buffered alkaline urine. If it is 
positive, however, it is a valid positive protein 
test. A false reaction is less likely, to.occur if the 
acetic acid contains buffer salts (see paragraph 
10-20). One last factor which involves only the 
reagent strip test for protein is the matter of 
highly colored urine. Such specimens are oc- 
casionally encountered, and since the reacted 
strip presents a color reaction, strong chromogens 
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may confuse^ this color differentiation. The range 
of colors for a positive protein reaction arc on 
the Labstix indi<iator in the training aids package. 

• 10-17. It must be obvious at this point that no ' 
single' qualitative test for protein is perfect. Let 
us review ihe prerequisites for a qualitative urine 
protein screening test. First, it should be sensi- 
tive enough to detect all abnormally high concen- 
trations of urine prottin, but not so sensitive that 
it reacts with normal urine protein concentra- 
tions. Second, it should have few, if any, false 
positive or negative reactions. Howeycr, since 
no protein screening test is without false' reac- 
tions, you as a technician shouljl be aware of the 
reactions that may occur. ^cn*you should know 
what alternate screening test will verify the true 
protein reaction. The stabilityAof reagents used 
for^ the test should be included among the pre- 
requisites. Finally, ✓the number of Urine spcci- 
^ rtiens processed in most Idboratories demands an 
•efficient operation, and the medical staff naturally 
insists on technical competence. You must select 
the screening test or tests which are both ef- 
ficient and appropriate. 

10-18. Heat and Acetic Acid. Heat and acetic 
acid has been mentioned several times as a 
screening test for urinary protein. The principle 
of the test is simply that urinary protein Will 
foagulate when heated at an optimal acid pH. 
Several modifications have been used. The 
method used for the reactions obtained in table" 
3 began with 2 to 3 ml. of unfiltered urine. The 
urine was first boiled thoroughly then acidified 
with 2 to 3 drops of 50 percent (V/V) acetic 
acid and boiled again. The ^readings were ob- 
served as they are indicated in table 3. 

10-19. A modiiPi cation of the heat and acetic 
ac^d method uses 10 to 15 ml. of centrifuged, 
clear urine in a pyrex test tube. Centrifugaticm . 
removes most crystals and cellular components , 
which give a cloudy appearance. After clearing, 
the upper portion of the. specimen is heated to 
boiling. At this point, if the upper portion re- 
mains clear, the urine is negative for protein. 
If it is cloudy, it is acidified with 2 to 3 drops 
of glacisti acetic acid and reboiled. A 'persistent 
cloud after reboiling is a positive reaction of pro-' 
tein. Study the list of reactions again in table 
3 to be sure you understand the sequence of re- 
actions w^hich represent both positive and false 
reactions with this method. 

10-20. The purpose of boiling the specimen 
is to drive off carbon dioxide (CO::), lowering 
the buffer capacity, which in turn will make the 
normally acid urine even more acid. The op- 
timal pH for protein precipitation is between 4 
and 5. However, you will notice in table 3 that 
phosphates and carbonates as well as protein may 
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precipitate after this initial boiling, Therefore, 
acetic acid is added to dissolve phosphates and 
react with carbonates^ which go off as gas, leav- 
ing prptein and perhaps excess urates. You can 
imagine that a highly buffered, alkaline urine 
may prevent the urine from becoming acid 
enough to precipitate protein. This results in a 
false negative reaction for »urinc 'protein. 

10-21. More recently it has been proposed that 
sodium acetate be added to the acetic acid to 
form an ac^d reagent^ buffered jft pH 4. This 
reagent would tend to stabilize the reaction at 
an optimal pH for protein precipitation. Al you 
can see in table 2, however, proteoses andVesin- 
•ous^ acids (from drufgs) will react even in the 
buffered acid rea^ehl. Although sulfa-para- 
amino salicylic acid, anti high concentrations of 
[Penicillin have been report^ to interfere with the 
heat and acetic acid without yuffer, jhey do ndt^ 
apparently cauSe false positive reactions with the 
buffered acid reagent, 

10-22. F^agent Strips. The reagent strip test 
for protein is based upon a rather time-honored 
principle. In l909, Sorensen noticed that certain 
pH indicators turn different colors at the same 
pH in th^ presence ,of protein. He called^ this 
phenomenon the "protein error of indicators." In 
1957, this principle was used commercially to 
prepare a powder mixture of bromphenol blue 
indicator and a salicylate buffer (pH 3) in tablet 
form. In tests .with urine specimehs positive for 
protein, it 'was discovered that the concentration 
of protein in the specimen affects the intensity of 
the blue-green positive reaction. Subsequently, an 
absorbent paper strip was impregnated with 
tetrabromphenol blue indicator and a citrate buf- 
fer at pH 3. The negative indicator color is yel- 
low with a range of positive colors from light 
' green to aqua blue. These colors are illustrated 
in. the Labstix indicator of the training aids pack- 
age. 

10-23. The Labstix strip is- a later develop- 
ment available from standard military supply 
sources. A plastic strip with attached- porous 
paper squares is used to facilitate drainage wheti 
'the reagent strip is dipped in urine. ^ The 'non- 
wettable plastic prevents an excess of specimen 
from being absorbed by the reagent squares. * As 
we stated previously in Chapter 1 of this volume, 
the reagent strip must not be dropped into the 
specimen. Follow the directions as they are given 
on the reagent bottle. These ^directions are on 
the Labstix indicator. ^ 

10-24. You will notice that the time of read- 
ing is not critical for the protein portion of the 
reagent strip. Relative concentrations of protein 
in mg./lOO ml. are shown on the protein color 
guide. However, critical quantitative analyses 



have demonstrated that qualitative tests are poor 
indicators of the actual protein content. Td avoid 
confusion, it is suggested that the protein concen- 
tration shown on the color >chart nor, be used. 
Preferably, a relative concentration repo'rt of 
tra^e, 1+, 2 + , 3 + » and 4+ should |j)e made 
for this screening test. 

. 10-25. The pH indicator portion of the reagent 
strip is immediately adjacent to the protein in- 
dicator square. 'In view of possible false positive 
reactions with strongly alkaline urine, you should 
consideif^he pH and protein portions together 
when you' read a protein, reaction. A pH above 
8 with a p6sitive protein should be reevaluated 
with another test for protein, i.e., heat and acetic 
acid. , ^ ^ ' 

11. Urind^Glucoso 

11-1. As >ye stated jin describing tests for 
proteinuria, tests for glucose in urine (glucosuria) 
are also determined in all routine urinalyses. 
Screening urine specimens for glucose is the; best 
method of detecting diabetes ^mellitus. It is also 
of critical importance to the physician in his^ treat- 
ment of the diabetic patient. When you consider 
that diabetes afflicts approximately 5,000 persons 
per million of population, the importance of de- 
tection and treatment becomes even niore ap- 
parent. (3ften glucosuria does not occur until the 
blood glucose is considerably elevated. -How high 
the blood glucose level will rise before glucosuria 
occurs depends upon the ^enal threshold of each 
individual. In physiology, renal threshold is de- 
fined as that concentration of a substance in the 
blood plasma above which the substance is ex- 
creted by the kidneys and below which it is not 
excreted. 

11-2. You should know, however, that dia- 
betes is not the only cause of glucosuria. Kidney 
disease which affects the reabsorptive capacity 
for glucose of the' renal tubules will .also produce 
glucosuria. F^an^reatic disease, endocrine disord- 
ers, and damage to* the central nervous system 
may cause glucose excretion in urine. It may 
also be found during stress situations and preg- 
nancy, or associated with anesthesia. Another 
sugar, lactose, is detected more often in preg- 
nant women, and it increases after delivery dur- 
ing lactation. Lactose is important because of its 
positive reaction in nonspecific tests for glu- 
cosuria. 

.11-3. Glucose, lactose, galactose, fructose, and 
pentoses (rhamnose, arabinose, and xylose) are 
all sugars which may be excreted in urine. They 
are called reducing sugars because of their chemi- 
cal reaction in several nonspecific urine sugar 
tests, notably Benedict's reaction. This will be 
explained in more detail later in this section. The 

35 ... 

2S<j 



A. 







• 


C-H 




1 


HO 


-C-H 


H 


1 

-C-OH 




1 


HO 


-C-H , 


HO 


1 

-C-H 




, 1 

CHjOH 



> 



B. 



CHO 



> 



ALDEHYDE 



CH^OH 
I 

C=0 
I 

HO-C-H 

I • 

H-C-OH 



H-C-OH 

, I 

CHjOH 



> 



R 

;=o 



. R 



KETONE 



GLUCOSE j 

iio. 



Figure; 



FRUCTOSE 

Relationship between the general fonnuia$ for ( A) aldehyde with glucose and 
(B) keto* with frtfctose. 



occurrence of glucosuria and lactosuna has been 
discussed. Galactosuria, fructosuria, and pentos- 
uria are found in the oirine of indivjdualsvwith in- 
herited metabolic, defects. In addition, pentoses 
may be excireted after eating farge amounts of 
fruits such as plums and cherries. Pc^tive fmd- 
ings with the galactose and Xylose tolerance tests 
(in which these sugars are ingested) will cause 
galactosuria and pentosuria. Reducing sugar tests 
on these urine specimens will be positive. Tests 
which are more specific (i.e., glucose oxidase) 
are required to rule out the presence of glucose. 

11-4. Urine Reducing Substances. For years 
the detection of glucose by its chemical reducing 
effect has been a routine procedure in urinalysis. 
Benedict's test is the classic method for this pur- 

2 Cu** + Reduyng Alkali 
Sugar Heat 

^ 11-6. A commercial test tabtet for reducing 
sugars is more often used instead of Benedict's 
reagent. It is a standard military supply item 
(Urine Sugar Test Tablet,-^ FSN 6505-149-0220). 
The tablet contains copper sulfate and sodium 
carbonate as in Benedict's reagent; However, in 
addition, it contains sodium hydroxide and citric 
acid. The dry tablet is less stable, chemically, 
t|^n the original liquid Benedict's reagent. In- 
structions are given with each bottle of tablets 
which detail observations associated with deterio- 
ration of the reagents. If these instructions are 
followed the reagent tablet is considerabley more 
advantageous than the liquid reagent When a 
reagent tablet is added to urine and diluted with 



pose. Benedict's qualitative reagent contains cop- 
per sulfate, sodiumr citrate, and sodium carbonate. 
In this alkaline solution, any compound which 
contains free aldehyde (R-CHO) or ke'to- 
(R-CO-R) groups will reduce the cupric ipns 
(Cu* * ) to cuprous ions (Cu* ) upon boiling. 

11-5. In figure 20 you ckn see the relationship 
between the general formulas for aldehyde with 
glucose and keto- with fructose. A precipitate of 
cuprous oxide (Cu^O) if formed in the reaction. 
*^The color varies from green to yellow to red, 
depending upon the amount ^ot reducing sub- 
stance. The quantity and speec(^bf precipitation 
also depend upon the concentration of reducing 
substance. The reaction with reducing sugars 
may be written as follows: 

Cu^^O i + Oxidized Sugar 

water, heat is generated by the sodium hydroxide 
as it dissolves and reac^ with citric acid. The 
chemical principle is essentially that of the Bene- 
dict reaction. However, fewer false positive re- 
actions due to redudpg substances other than 
sugars are reported.' Differences between the 
reagent tablet and the Benedict reaction com- 
piled from the literature are indi(!3ted in table 
4* Where differences have not been reported, 
we can assume that the reagent tablet reaction iis 
the same as the Benedict reaction. 

11-7. The direji^ons and color range for the 
urine sugar test tablet are in the training aids 
package. The approximate amount of reducing 
substance is indicated on the color chart. One 
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4 Table 4 , 

Possible False Qualitative Reactions for 
Glucose in Urine , 

Benedict *s 
Test 



Reducing Sugars Other Than Glucose 
* Lactose* 
Galactose 
Fructose 
Maltose 
Pentoses 

Drug3 or Metabolites of: 

Ascorbic Acid ^(Vitamin C) 
Antibiotics with Asiporbic Acid 

Oxytfitracycline 
, Tetracycl ine 
ChlorVl Hydrate ' 
Dipyrone 

pextrins (Pastry) 
Glucosamine 
Indican 
Isoniazid 

Meralluride ^ ^ 

Para-amino-sal icylic Acid 
Penicillin (Mass. Doses) 
Rhubarb 
Salicylates 
Santonin' 
Streptomycin 
Sulfonamides 




Preservatives 
^Chloroform 
Formaldehyde 



Cleaning Contaminants 
Hydrogen Peroxide 
Sodium Hypochlorite (Bleaf:h) 
Detergents . * * . 

Other ^ 
Creatinine 
Protein 

Hdmogentisic Acid (Alcaptonuria) 
Uric Acid 



♦ 
♦ 



Reagent 
Test Tablet 



NR 
NR 



NR 
NR 



NR 
NR 



NR 



Glucose Oxidase 
Test 



♦ False Positive, - False Negative, NR No Report 
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iprccautten shoUld be noted: The retiction must 
be observed as it occurs so that you wHJ not miss 
a pass-through reaction. When the amount of 
reducing substance- is greater thart 2 percent*, the 
reaction will rapidly "pass-through" green, tan, 
and orange to a dark green-brown color. If- this 
occurs, the result should be reported as over 2 
percent without reference to the color chart. 

11-8. You should become thoroughly familiar 
with the false reactions listed in table 4. Even 
though this list appears extensive, it should not 
be considered complete. Tetracycline and oxytet- 
A^cline^'^ antibiotics were first blamed for false 
pmtive reducing tests for glucose. Subsequently.* 
it^s discovered that ascorbic acid (vitamin C) 
added as a stabilizer to these antibiotics was* the 
actual cause. Comparable levels of a.scorbic acid 
. are used with iron therapy in anemias, in vita- 
min supplements and in processed foods to main- 
tain an appetizing tb\or. Up to I percent may 
be added to some candies to preserve their 
color. Although these sources of vitamin C are 
not mentioned specifically as the caus(f^of false 
positive glucose (reducing) reactions, their as- 
corbic acid content should alert a wary tech- 
nician. As you can see, table 4 may- very well 
be expanded when more complete information is 
available. 

11-9. Glucose Oxidase Method. The existence 
of so many false glucose reactions in copper re- 
duction methods (Benedict's) left something to 
be desired for glucose screening. Modern ad- 
vances in enzyme technology produced an ap- 
parent solution with tfie introducmin of gluco.sc 
oxidase. As you learned in your stwdy of enzyme 
chemistry, an enzyme is specific in its reaction 

peroxidase 
HaOs -h Orthotolidine — > 

As you can see in thfe Labstix indicator, a posi- 
tive reaction is denoted by a violet or deep purple 
cojor while a negative reaction is pink. Definite 
concentrations should not be assigned to these 
color reactions. They are approximations at 
best. ^ 

11-12, A continuously impregnated reagent 
strip is also available from Federal supply sources. 
It is used only for urine glucose. This strip is 
known as Tes-Tape. The indicator is included in 
the training aids package. You will notice that 
the cd]|Pr reactions are different from the multi- 
reagent strip mentioned above. With this re- 
% 

'" Synonyms for these penerjc names are: 

(a) Teiracyclme—Achromycinffi). Panmvcin^^. Polycychneu 
retracynop. 

( b ) OxytctracycUnc— Tcrramy cin®. 



with a substrate. The general reaction of the 
enzyme glucose oxidase with glucose is as fol- 
lows: 

' (rliicose oxidase 

/i-D-glucose -h ► gluconic acid -f- HjO:» 

Frohl the earlier discussion of stereoisomerism 
and mutarotation of carbohydrates (Volume 2) 
you should realize that glucose has several chem- 
ical structures. This concept is of interest here 
because in the reiaction given above the ^3 (beta) 
-^orm of D-glucose reacts.^ whereas the a (alpha) 
configuration is over 100 times less reactive. An- 
hydrous D-glucose (shelf reagent) is primarily in 
the latter form, while urine glucose consists <3f 
both forms in equilibrium. 

11-10. An equilibrium between the alpha and 
beta .forms of D-glucose oAurs after abcMt 3a 
minutes in aqueous ^olution. This information is 
'useful when yiou. wiSh to check the reaction of 
glucose oxidase reagenfS^rips. For quality con- - 
trol a known solution of bcta-D-glucose should . 
be used to check this reaction periodically to 
insure valid results. A very reliable gluccfee so- 
lution readily available for this purpose^ is a 
freshly opened bottle of Coca Cola. Looking 
at the reaction' again, you see that in the presence 
of glucose oxidase, glucose reacts with oxygen 
(O:;). This is atmospheric oxygen. It is provided" 
by removing the reagent strip from' the urine 
specimen immediately after dipping. Sufficient 
oxygen will not be available if the strip is left in 
the specimen. 

I 1-1 1. Hydrogen peroxide (H,0,) produced 
in the previous reaction, oxidizes orthotolidine 
in the presence of peroxidase to form a blue ^ 
color.^ This may be written: 



oxidized Orthotolidine 
(blue color) 



-h H,0, 



0 . • 

agent strip a negative reaction is yellow and 
positive reactions progress through several shades 
oF green to a dark blue-green. The chemical 
reaction is the same glucose oxidase reaction,, 
however. 

11-13. The timing of the reactiom is critical 
and different for each type of reagent strip. The 
multireagent. plastic strip f Labstix) must be read 
for glucose at 10 seconds after wetting. The con- 
tinuous reagent strip (Tes-Tape) must be n^ad 
first at I minute after wetting and I minute^^er 
(total 2 minutes) if the indication is 3 -I- or 
higher. The, approximate concentration shown on 
the color chart should not be reported. The re- 
port should be 1 -h or trace, -^nd 2-I-. 3-I-. or 
4-f- as the color comparison indicated. 
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11-14. Yoh may have assumed that false re- 
actions' are not possible in this test since glu- 
cose oxidase is an enzyme specific for glucose. 
If you will look again at table 4, you will see 
that both false negative and false positive reac- 
tions have occurred. False vnegative reactions in- 
volving ascorbic acid, vitamin C, are most im- 
portant because of its extensive use. As little as 
250 lAg. injected with an antibiotic is sufficient 
to inhibit the glucose oxidase reaction for glu- 
cose. Since the renal threshold for ascorbic acid 
is normally low, most of the vitamin is excreted 
in the urine. To complicate this 'difficulty leven 
more, concentrations of vita^min C as low as 25 
mg. % in urine react positively with the Benedict 
test or reagent tablet. 

11-15. When vitamin C is present, you are 
faced with the dilemma of having both prijne 
qualitative 'tests for glucosuria Invalidated, fur- 
ther, if you use a glucose oxidase reagent strip 
^ for initial screening, you win miss the reaction 
completely and not even be aware of it. The 
presence of ascorbic acid is not/ always so cfbvious 
as in its use as an antibiotic stabilizer. False 
negative reactions with the drugs dipyrone an^ 
meralluride, listed in table 4, are less important 
because of limited drug use. However, the fact 
that ihew have caused false^ negative tests for 
glucosuria prompt^ another question^ What other 
substances now and in the future may cause 
false negative, reactions with glucose oxidase? 

11- 16. The answer will be lopg in coming if 
the common practice of initial screening with 
glucose oxidase, alone,' is continued. Benedict's, 
including the reagent test tablet, apparently has 
no known false negative reactions from inter- 
fering substances. In addition, some df the falsi 
glucose positive reactions may be clinically use- 
ful, i.e., alkaptonuria, salicylates, and pentosuria. 
The detection of galactosuria, though very rare, 
may even save an infant's life. It seems ap- 
parent,, therefore, that a need for the Benedict 
sugar test in urinalysis still exists. From the rec- 
ord to date, the Benedict reaction on a urine 
specimen should not be entirely discounted on 
the basis of an opposite result with 'the glucose 
oxidase test. ^ 

12. Miscellaneous Urine Tests 

12- 1. In this concluding section we will dis- 
cuss a variety of tests. Except for the fact that 
they are all performed on urine, there is no 
(^learly' defined relationship among these various 
tests. Included in this discussion are* laboratory 
procedures for urobilinogen, porphyi^ins, homo- 
gentistic acid and melanin, bilirubin, ketones, 
piienylketonuna, and occult blood. In addition, 
we wiW present a brief resume of ^pregnancy 



testing, a subject to he expanded later in Career 
Development Course ^0413. 

12-2. Urobilinogen. The subject of bile pig- 
ments and related pathology was • introduced in 
Chapter 2, Volume 2, of this course. Youlwill 
recall that urobilinogen is produced in the in- 
testine by the action of bacteria on bile pigments. . 
Part of this compound is absorbed into the blood 
and excreted in small amounts , in "the urine. In- 
creaseid concentrations are found irf diseases as- 
sociated with excessive red cell breakdown as 
wtll as in other conditions. 

12-3. The urine sample must be fresh and 
protected from daylight since urobilinogen will be 
converted to urbilin 'upon standing. Urobilinogen 
(as well as other bile pigments) is detected by 
means of the Ehrlich reaction in which urobilino- 
gen reacts with para-dimethyl-amino benzal- 
dehyde in hydrochloric acid to ^o^^^^ color.\ 
Bile pigments in the urine are fiqB^noved by 
absorption. with calcium chloride or^mtim chlo- 
ride. The procedure, may be quantitatcd by the 
method . of Wallace and Diamond in which 
Ehrlich's reagent is added to| tubes containing 

L serial dilutions of urine. The last tube showing » 
pink color is the endpoint. 
12-4. Some investigators" consider the Wal- 
r lace and Diamond test outdated, and prefer a 
/ modified Watson semiquantitative test. In the 
\ Watson method, Ehrlich's ^aldehyde r,eagent is 
V reacted with urine after urobilin has been re- 
i^ce'd back to urobilinogen with ascorbic acid. 
After formation of the aldehyde-urobilinogen 
complex, sodium acetate is added. The proce- 
dure is quantitated using the acid form of PSP 
(phenol red) dye. There appears to be no satis- 
factory quantitative procedure for urobilinogen 
that is uncomplicated and specific for urobilino- 
gen. The addition of sodium acetate is advocated 
to enhance the color and, at least to some ex- 
tent, inhibit color formation by indole and ska- 
tole derivatives. 

12-5. A 1400- to 1600-hour specimen, is usu- 
ally used for this test. This is based on certain 
conclusions of Watson and coworkers that the out- 
put of urobilinogen is higher during this period. 
This is also^ a convenient time of the day to 
perform a test which must not be delaye;^. The 
urine nlust not be kept overnight. Perform the 
examination immediately, even though it is pos- 
sible to reduce urobilin back to jirobilinogen by 
the a(Mition of ferrous hydroxide. 

12-6. Urobilinogen is distinguished from por-^ 
phobilinogen on the basis of chloroform solubil- 
ity. Chloroform is added to the urine which has 



Henry. R. J., Clinical Chemistry, Hoeber Med. Div.. Harper 
Sc Row Publishers. 1964. p. 610. ? 
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been reacted v with Ehrlich*s reagent. If the 
^ aquedus layer is red and the chloroform la^er * 
colorless, the test is positive for ^porphobilinogen. 
If the chloroform layer is red andhhe aqueous 
^ K layer colorless, the test is positive for urobilino- 
gen. If both layers are red, extract with chloro- 
form until the chloroform layer is colorless. If 
the aqueous layer is still red, the test is positive 
for both porphobilinogen and urobilinogen. 

12-7.« Prophyrins. * In our discussion thus far 
we have mentioned porphobilinogen. Actually, 
porphobilinogen is only one of a group of com- 
pounds classified as porphyrins or porph^in pre- 
cursors. tZbemically, porphyrins are charac- 
terized by four pyrrole rings joined in a cyclic 
pattern by methene iCH) groups. Porphyrins 
^ form the basis of ^ant a^jd animal respiratory 
pigments and involve very complex chemistry. 
A In terms of clinical* significance, porphyrins are 

usually divided into two major/ groups: (1) 
uroporphyrins and coproporphyrins which Je- 
suit from erythropoietic activity; and (2)- por- 
phobilinogep and 5-aminolevulinic acid (ALA) 
due to overproduction of* these porphyrin pre- 
cursors in the liver. 

12-8. Normal urine contains small 'quantities 
of porphyrins (300 /xg. per day for males and 
. 200 /xg. jper d^y for females), principally copro- 
porphyrins. There are various procedures for the 
quantitative determination of urine prophyrins 
and their precursors. The best methods are quite 
involved and are usually performed only at Air 
Force reference laboratories. Simple methods 
such as visual observation for color change of 
fluorescence under ultraviolet light are of limited 
usefulness. 

12-9. Homogentisic Acid and Melanin.. Por- 
phyrins are by no means the only pigments de- 
tectable in urine. Porphyrinuria, or the excretion 
of porphyrins in urine, is a relative rare phe- 
nomenon. Although prophyrins impart an orange 
to red color to urine, abnormal coloration may 
be due to many other substances. An intleresting 
and perhaps even more unusual clinical rarity is 
the brown to black color of homogentisic acid 
and the black color of melanin (melanogen). 
Homogentisip acid in the urine results from the 
disease alkaptonuria which is an error of pheny- 
lalanine and tyrosine (amino acid) metabolism. 
Homogentisic acid is usually detected by the 
darkening of urine upon becoming alkaline, the 
ferric chloride test, oV other screening procedures 
and confirmed by^ paper chromatography. Me- 
lanin is a black pigment which is excreted in 
some cancer states (melanomas). The ferric - 
chloride test i^ positive and confirmation of me- 
lanin is by means of chromatography. Darken- 



ing of urine also results from gentisic acid, in- i 
dicans, and phepols. 

12-10. Urine Bilirubin. There are several tests 
which can be used to detect bilirubin in urine. 
However, most Air Force laboratories use a bili- 
rubin test kit^ which employs a diazo reagent 
tablet.^- The test tablets contain stabilized 
p-nitrobenzene p-toluene sulfonate, sulfosalicylic 
acidr and sqdium bicarbonate. The kit comes 
complete with a mat consisting of asbestos and 
cellulose fibers. .When a urine sample contain- 
ing bilirubin is added to the mat dropwise, the 
bilirubin remains on the surface of the jnat. You 
should always use the- mats provided r^tljer 'than 
filter paper or some other substitute ^cause of 
this absorbent quality. 

12-11. A test tablet is then placed on the mat 
and 2 drops of water are allowed to flow over the 
surface of the tablet. You should not add more 
than 2 drops of water, l^e purpose of the sul- ^ 
fosalicylic acid ^nd sodium bicarbpnkte /s to f 
produce effervescence - which will enhance the 
solubility of the tablet. If the mat shows a bhie 
or purple color within 30 s4londs, the test is con- 
sidered positive. A slight pink color within 30 
seconds is negative. The test is reported simply 
as positive or negative. The Ictotest instruction 
sheet in the training aids package shows a posi- 
tive and a negative reaction. The color of the 
tablet itself is not significant. 

12-12. The test tablets just describe react with 
both free (indirect or unconjugated) and direct 
(conjugated) bilirubin. False positives and false ^ 
pegatives are rare. Urobilin will not react, nor 
will salicylates. sensitivity range is between 
0.05 and 0.1 mg. per 100 ml. of urine. This 
meets the diagnostic requirements in most patho- 
logical processes. Urine which contains dyes 
such as Pyridium or Serenium^^ may give' a color 
reac tion with bilirubin test tablets. 

12-13. Ketonuria. The most commonly used 
tests for the detection of ketone ^bodies 'employ 
either ketostix^ or Acetest^ tablets. Neither 
test detects /3-hydroxybutyric acid, and Keto-- 
sti^ strips are specific»for acetoacetic acid. For 
practical purposes, there is no reason to distin- 
guish fimong the ketone bodies. Hence, either of 
these two tests is adequate 'for clinical labora- 't 
tory use. 

12-14. In principle, the Ketostlx® and Ace- 
test^ procedures arc modifications of the Rothera 
test outlined in AFM 160-49, Laboratory Pro- 
cedures in Clinical Chemistry and Urinalysis. 
That is, sodium ntiroprusside in a su^itable me- 
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' » Pyridium and Se re nium— Registered trademarks^ 
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dium will react with certain ketones fb produce a 
puq)le colijr. In the Acetest^, 1 Mrop of urine is 
placed oh a lablet and the color is noted after 
a specified time interval. The reaction is read 
and reported ks a small, moderate, or large 
amount. The sticks follow a similar pattern and 
are reported in the same way. The same re- 
agents are now available on Labstix*'^ to measuse 
ketones simultaneoij^ly with blood, glucose, pro- 
tein, and pH. The colors appear as illustrated 
in the Labstix indicator. 

12-15. Phenylketonuria (PKU). The occurrence 



fluorimetric method. Careful measurement of * 
plasma phenylalanine is a necessary laboratory -<7 
function in following the dietary treatment of this 
disorder. In any case, the use of reagent impreg- 
nated strips or the ferric chloride tesJ/lTThA^e- 
quate. ^ 

12-18. Ocqnit Blood. The term '^occult'' means 
obscure or hidden. By occult blood we mean 
blood which cannot be grossly j/bbserved. Test ^ 
strips are available through Air Force supply 
channels which detect both free/ hemoglobin and 
the hemoglobin that is released from blood by 



of phenylketonuria as an error of protein jta ie> ^.^ sh^mical action of the test strip. Hemoglobin 



tabolism was mentioned in Chapter 3, Volume 2, 
of this course. Although the incidence of this 
disorder is only one in 20,000 births, the con- 
sequence of PKU arc so serious thaf early screen- 
ing is imperative. Reagent sticks are available for 
detecting phenylketones, principally phenylpyru- 
vic acid. A reaction takes place between ferric 
ions and phenylpyruvic acid in. a properly acid- 
ified mediuih. A false positive test frequently 
occurs, however. A pink color indicates the pres- 
ence of salicylates. PAS also gives a color re- 
action. 

12-16. ,More significant, the use of a ferric 
reaction with urine is not adequate to detect 
phenylketonemia (phenylketones in the bloSd- 
stream), characteristic of this metabolic disorder 
at an early stage. Infants fail to showa positive 
urfne test until several weeks after birthX Unless 
detected early, the infant suffers irreversible 
brain dama^. Further, older infants with other 
sympton^s of the disease do not always show a 
positive urine test even though the blood Ig^l of 
phenylketones is high. 

12-17. Many states now require the Guthrie 
test as the acceptable screening test for phenyl- 
ketones. The Guthrie test is based upon the prin- 
ciple that growth of Bacillus subtilis is inhibited 
by beta-2-thienylalanine; but in the presence "of 
phenylalanine, inhibition is overcome and growth 
takes place proportional to the concentration of 
phenylalanine. Zones of i!)hibition are read 
around paper discs impregnated with blood 
from a heel puncture. Control discs containing 
measured quantities of L-phenylalanin^ are used 
for comparison. Although a legally required lest 
in many states, the Guthrife test is a screening 
test, with many of the inherent difficulties of a 
bioassay method (e.g., temperature control, cul- 
ture purity, standardization, etc.). Therefore, it 
is necessary to confirm a positive Guthrie tesf 
with a more specific quantitative analysis. The 
only presently reliable quantitative means is a 



catalyzes the oxidation of orthotolidlne^* by 
peroxide in the test strip, and a \b\uCi color re- 
sults. Optimum pH for the reaction is provided 
by citrate buffers in the test strip. The reaction 
is observed at 1 minute and reported as small, 
moderate, or large amounts of blood according 
to the intensity of the blue color as illustrated 
in the Labstix indicator. 

12-19. The test strips for blood should be 
stored in a cool area but not refrigerated. If the 
reagent test strip botUes contain a desiccant, it 
should be left in the l^tUe. It is important that 
strips be free of chemiqal contamination. Don't 
touch the test area of the strip or lay the strip on 
the workbench, kf^ reading the color reaction, 
hold the strip close to the color chart under good 
lighting. Discolored test strips must not be used. 
The reagents described above are specific for 
hemoglobin and myoglobin, so false positives are 
rare. Ascorbic acid in the urine^^will inhibit the 
reaction and produce a false negative. ^Remem- 
ber that antibiotics for injection contain lar^ 
amounts of ascorbic acid which will produce urine 
levels high enough to^ interfere with this test. 

12-20. Pregnancy Tests« Historically, a num- 
ber of tests have been devised to ^determine 
pregnancy. The ancient Egyptians believed that 
urine from sl pregnant woman would stimulate 
the growth of a seedling plant, and this was per- 
haps the first "laboratory \est" foe pregnancy. 
In more recent times at least a dozen scientifi- 
cally invalid tests for pregnancy were performed 
on a wide scale before testing^was placed on a 
sound physiological basis. These tests incorpo- 
rated a wide variety of biologicals. Some of thi 
reagents or biologicals used were colostrum, 
protozoa, bromine water, and placental extract. 
The principles underlying these procedures varied 
tremendously, and none were considered reliable. 
Some diagnostic aids to pregnancy determina- 
tion were actually dangerous from a medical 
standpoint. One of these, the contractile uterine 



is^absiix — Repisiered trademark of the Ames Company. Inc.. 
Elkhart. Indiana. 



Orthotolidine. Do not confuse orthotolidine with oriKo- 
toluidine, a similar compound. 
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test of Reel requited the intravenous injectioi 
of posterior pituitany extract into the patient. 
12-21. It was Zondek who first demonstrated 
y/i^X a substance which induces ov\(^itiQn in an 
j immature Vmouse is produced by the placenta. 
\ The substanbe was later identified as a hormone, 
human chorionic gonadotropin (HCG). It was 
also discovered the HCG is present in the serum 
and urirJe" of pregnant females- after specialized 
honnone>pr6ducing ce^s of the placenta begin to 
function at the fifth or sixth day of pregnancy, 
o The fjroblem was to develop a test sufficiently 
accurate and sensitive to detect HCG in the 
blood of urine 6arly in pregnancy. 

12-22. At the time hormone production be- 
gins, the blood or urine level is not high enough 
to permit HCG detection. However, aboqt the 
,21st day of pregnancy, the HCG level becomes 
measurable with most of the reliable tests.' Since 
ovulation does not occur a(t the same point in 
the menstrual cycle with all patients, pregnancy 
does not occur at the same point in the cycle. 
Consequentjy, one has only an empirical rule iir 
deciding how far along the suspected pregnancy 
Inpiight be in terms of days calculated from the - 
last menstrual period. A currently " accepted 
method such as the latex pregnancy test kit 
which is available as a standard item is sensitive 
from the 415*/ toirfhe 109//? day following the 
last menstrual' period. After this, the level of 
HCG drops off below detectable limits. 

12-23. At the present time bioassay tests for 
pregnancy, i.e., tests utilizing experimental ani- 
mals, must be considered largely of historical in- 
terest, ^but the technician should retain familiar- 
ity with the principles involved. Immunological 
techniques^ for pregnancy determinations are 
now receiving emphasis in clinical laboratories. 
The significant bioassay tests have been the Asch* 
heim 2k>ndek (A-Z), Friedman, and procedures 
using irogs and toads. In the Aschheim-Zondek 
test, urine containing gonadotropic hormones 
produces marked changes in the ovaries of fe- 
male mice. Four days following the first injec- 
tion, the mice are sacrificed. In a positive test 
the ovaries are enlarged, hyperemic, and show 
hemorrhagic spots and yellow protrusions (cor- 
pora^ liltea). If the test is negative the ovaries 
are small and whiter Results of the test may be 
quantitatively reported in terms of jnouse units of 
gonadotropin per 1,000 ml. of urine. The mouse 
unit was defined in Volume 3 of this course as 
the smallest quantity of estrus-producing hor- 
mone which will produce corpora hemorrhagica , 
in the ovaries of immature female mice. 
, 12-24. With urine from a male patient, the 
Aschheirp-Zondek test is positive only in condi- 



tions associated with ne6plastic tumors of the re-' 
productive organs. Readings of less than ,500 
mouse units are considered of no significance, 
since in the common malignant tumors very large 
amounts of gonadotropic hormones are excreted 
in the urine. As a qualitative test for pregnancy, 
this procedure^ has many disadvantages. The 

method is length^ and only specially trained 

technicians can effectively perform, this test. The/ \ 
animals rC^nnot be reused and often die due to 
injection trauma. Large estrogen doses may cause 
false negative. tests, and menopausal urine may 
give a false positive test. ^ 

12-25.^ In the Friedman test, urine containing 
gonadotropic hormones produced marked changes 
in thrf ovaries of mature female rabbits. Two 
inj^jctiotis of 10 ml. each are given 24 hours 
apart. Forty-eight hours after the second injec- 
tion, the rabbit is sacrificed and the ovaries are^ 
examined for the^pffesence of hemorrhagic fol- 
licles which denote a positive test. Pale pink to 
white, , unswollen ovaries arc interpreted as a 
negative test. The r«bbit or Friedman test ^s 
complicated and expensive, buj when performed ' 
by experienced personnel it is very sensitive and 
at least 98 percent accurate. Menopausal urine 
. has been reported to account for some of the 
false positive tests. 

12-26. A number of test| utilizing amphibians 
have been developed. Two of these tests employ 
the male leopard ffog, Rana pipiens, and female 
toad, XeHopus laevis. Male leopard frogs in- 
jected with urine or serum containing gonado- 
tropic hormones void spermatozoa in their urine. 
The test requires 2 to 3 hours to read, and 
negative frogs should be injected with gonado- 
tropin as a control measure. The test is reported 
to be 95 percent accurate, although some sea- 
sonal variation is experienced. In the spring, 
frogs have a low threshold and in the winter 
they have a higher threshold for the excretion of 
spermatozoa. Progs are difficult to keep in a 
healthy state and frequently develop a bacterial 
infection ^termed "red leg.'** A number of drugs 
interfere *with the frog test, including aspirin. 

12-2>. Female African toad* (Xenopus lae- 
vis) WiW ovulate when injected with urine con- 
taining gonadotropic hormones. The toad is 
/placed in a glass jar on wide-mesh. wi\e screen 
/flooring suspended 1 inch fr^onr^e bottom. Wa- 
ter is added to a depth of 3ljiches. The toad 
sit-s on the screen and the g^tinoCis ova pass 
through the screen. These ova can be, seen ma- 
croscopically and indicate a positive test. Th'e 
test is reported negative if no ova are. extruded 
after z4 hours. The African toad is quite dif- 
ficult to procure and maintain, and a number of 
drugs interfere with this test. 
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NEGATIVE TEST (not P:reK||iani)- 



POSITIVE TEST (Pregnant) 



Figure 21. PIi\j$ or minus reaction to p,regnittciy tC5t» 

,4' ' '''' 



. 12-28. Sefological tests for HCG are by far the 
. most practical and widely used for the qualita)tive 
determination of human chorionic gonadotropin. 
Sirice HCiG is antigenic, it has been possible 
to prepare an antiserum. Several immuno- 
logic methods have been developed to detect . 
chorionie gonadotropic utilizing complement-fixa- 
tion; ; agglutination-inhibitiojn, and precipitin re* 
actions. . One of these, jhe slide immunologic 
test, is based on the principle of aggrutination- 
inhibition. Latex particles coated with human 
chorionic gonadotropin serve as the antigen. One 
drop of the ,p3ti,cnt*s urine is placed oh a^ slide 
and mixed with a drop of chorionic gonadQtropia 
antiserum; If the urine is from a nonpregnant 
individual (no gonadotropin present)^ th^ un- 
changed antiserum subsequently reacts Avith the 
coaled particles to prpduce macroscopic 

agglutiii^ion. If the patient is pregnant the urine 
chorionic gonadotropin neutralizes the antiserum 
so that it is no longer free to react with the latex 
particles to brinjg about clumping. 

12-29. You should observe certain precau-* 
tions when you perform the pregniancy slide te3t. 
(Our remarks have special reference to the 
Gravindex<S>, a Federal stock listed item and a 
trade marieed product of Ortho Diagnostics.) 



The sli^e should be rocked gently, not vigorously. 
Improper mixing of the specimen and the-^. re- 
agents may lead to erroneous results. The mix- 
ture tmsi, not be allowed to dry on the slide. 
The slide shotild be examined no longer than 2 
minutes following addition of the antigen to the 
urine-antiserum mixture. Slides sjiould not be 
placed on a warm surface such as the view box 
used in Rh testing. Positive urine may be used as 
a positive control. Samples of positive urine' may 
be kept frozen in aliquots>for convenient thawing 
and , use. ... % 

12-30/ Pregnancy test reagents must not }^ 
frozen, but maintained at refrigerator tempera- 
ture when not in^ use. All reagents should be 
brought to^ room temperature, before ,use. Any 
urine Specimen, first in the morning or random,^ 
may be used.'' Specimens with a specific gravity 
of at least L015 are preferred for greater ac- 
curacy. , Further, specinlcns , should be te^ed 
within 12 hours of collection unless they are 
adequately preserved. Freezing is're.commei;)d9d 
for preservation. Do not attempt to test:- sped* 
men^ which are ^bssly^contoirunated or which 
contain blood or abnormally high protein levels: 
A positive and negativie reaction are shown: in 
figufie 2^. 
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This workbcx)k places the materials you need where you need them while you 
are studying. In it, you will find the Study Reference Guide, the Chapter tlcview 
Exercises and their answers, and the Volume Review Exercise. You cap eelsiiy, 
compare textual references with chapter exercise items without flipping pages- 
back and forth in your text. You will'not^isplace any one of these essential 
study materials. You will have a single Werence pamphlet in the proper sequence 
for learning. 

These devices in your workbook are autoinstructional aids. They take the 
place of the teacher who would be directing your progress if you were in a 
classroom. The workbook puts these self-tcachers into one booklet. If you will 
follow the study plan given in ''Your Key to Career Development," which is 
in your course packet, you will be leading yourself by easily learned steps to 
mastery of your text. 

If you have any questions which you cannot answer by referring to '*Your 
Key to Career Development*' or your course material, use ECI Form 17, "Student 
Request for Assistance,'' identify yourself and your inquiry fully and send it to 
ECI. 

Keep the rest of this workbook in your files. Do not return any other part 
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STUDY REFERENCE GUIDE 



1. U^e this Guide as a Study Aid, It emphasizes all important study areas of this volume. Use 
ihc Guide for leview beforfe you take the closed-book Course Examination. 

2. V\e the Guide for Follow-up after you complete the Course Exiunffinftix^a The CE results 
will be bent to you on ^ postcard, which will indicate ^Satisfactory" or '•Unsaiislactory" comple- 
tion The card will list Guide Numbers rtlmng to the items missed. Locate these numbers in the 
Guide and draw a line under the Guide Number, topic, and reference. Review these areas to 
insure your mastery of the course. 



' Guide 
Number ^ 

Guide Numbers 400 through 411 

400 Introduction to General Considerations; 
Review of Microscopy; pages 1*5 

401 Collecting and Preserving Specimens; pages 
5-8 



Guide 

Number ♦ 

/ 

406 R!^ction and Specific Gravity; pages 16*19 

407 Introduction to Microscopic Examination; 
Organized Sediment; pages 20-26 



402 Introduction to Renal Functions; Anatomy 
of the Kidney ; page§ 9«1 2 

403 Physiology of the Kidney; pages J 2-1 3 

404 The Kidney and Disease; pages 1 3-14 

405 Introduction to Physical Characteristics of 
Urine; Urine Volume, Color, and 
Appearance; pages 15-16 



408 Crystalline and Amorphous Sediments: page*^ 
26-29 

409 Introduction to ' Chemical Examination; 
Urinary ProteiilVpages 30-35 

410 Urine Glucose; pages 35-39 

41 1 Miscellaneous Urine Tests; pages 39-43 
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CHAPTER REVIEW EXERCISES 

The following exercises are study ^cfs. Write your answers in pencil in the space provided after each 
exercise. Immediately after completin>^each set of exercises, check your responses against the answers for 
that set. Do not submit your aniwers to ECI for grading, 

CHAPTER I 

Objective: To understand the criteria required for proper use of the microscope, and to show a knowledge of 
laboratory activity with regard to the collection and preservation of urine specimens. 

1 . Describe how you would bring a ipicrosoope lamp into focus. ( 1 -5,6) 



2. a^How is the optimum position of the condenser selected? 

>^ b. Is it acceptable to move the condenser to vary illumination when viewing a microscopic field? 

(1-7) ; • 



3. What other adjustment must be made by the Kohler method after th^ illuminating lamp and microscope 
condenser have been focused? (1 -10) 



4. fl. What is the purpose of the iris diaphragm? 

J b. For any given objective,- how many "proper" settings are there for the iris diaphragm? Or would you 

/ say this depends upon the'level of illumination desired? 
/ (MO) 



5. How would you control the intrfhsity of illumination once your microscope and lamp system have becfi 
established for Kohler illumination? (1-15) 

. \ « • 

6. Essentially what does a-^ee-glass urine microscopic examination tell the physician which may nut be 
apparent from a one-specimen test? (2-d; Fig. 4) . 



7. a. List three urine preservatives commonly used. » ^ 

b. Which of the urine preservatives mentioned in the text gives a false positive test for albumin? For 

sugar? , ^ ) 

(2-10) 



chapter: ' . 

Objective: To^e able to describe structures of the kidney and related functions of clearing the blood and urine 
production. 

1 . VVliat does a medullary ray consist of and where is it loitated within tiie kidney? (3-2) 



2. Lisf the lour essential parts of a nephron unit. (3-4) 



3. How does a change in blood pressure affect the rate of urine production? (4-3) 



4. Where is most of the water reabsorbed in the kidney? (4-5^) 



5. Compare ^he nermal pH and specific gravity of glomerular filtrate with the.normal pH and specific 
gravity of urine. (4-4,6) 



6. List four Wdys in which the kidneys are able to maintain electrolyte balance in the body. (4-7) 

7. A physician tells you t^at one of his patients has "uremia." What does this mean? (5-2) 

8. Why is it generally better to measure urea nitrogen than nonprotein nitrogen of the blood? (5-2) 
^. What is the molecular weight of Bence-Jones protein and why is this an important point? (5-4) 
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CHAPTER 3 

Objective: To be able to observe and report the physical characteristics of urine. 
\, List three factors which affect the total urine volume. (6-1) 



2. What is the average total daily urine volume voided by adults? (6-1) 



3. Whioh urine specimen is the most valuable to a physician in a routine urinalysis? (6-2) 



4. How may chromogens be removed from a urine specimen? (6-3> 



5. When referring to the presence of hemoglobin in uHne, what term is used? (6-4) 



6. What assumptions of pathology can you make solely on the basis of urine color*?'^(6-5) 



7. What change occurs in the normal reaction of fresh urine upoa standing at room temperature? (7-1) 



8. Why might a physician intentionally aher the urine pH range of a patient? (7-4) 



9. Why do we prefer not to use the older litmus paper technique in urine pH measurement? (7-6) 



10. List three sources of error which may be encountered using pH paper strips. (7-*^) 



1 1 . Why should the desiccant pack bfe left in a urine reagent test strip bottle? (7-8) 



0^ * 



1 2. Define specific gravity. (7-9) 



.1 3. What temperature correction factor is used when you measure specific gravity with a urinometer? (7-10) 



1 4. Uow would ypu correct the specific gravity reading for a threefold dilution of the'speciqjen? (7-10,12) 



15. What other instrument besides a hydrometer (urinometer) is used to measure the specific gravity of 
urine^(7.17) 
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CHAPTER 4 



Objective: To be able to identify normal and abnormal urinary sediment. 
\ . What is meant by organized urinary sediment? (8-1 ) 



2. a. How could you easily identify starch-co!itaining granules which might appear in the urine? 
b. How are the veast ceils usually distinguished from other elements suchyas red blood cells? 



3. 0. How many milliliters of urine should be ceniifuged 
Z?. Is the amount important? 



c. Why or whv not. ^ 
(8-4) 



4. " The addition oi dilute acetic acid is recommended to clear urine of amorphous phosphates. Is the amount 
added critical? Why or why not? (8-5) ' 



r0 

5. H<^ would^ou clear amorphous urates from urine? (8-5) 



6. What is the current philosophy regarding the identification of epithelial cells according to site of origin? 
(8-7) 



7. fl.. What are glitter cells:and why are th^y^so-called? 

b. What are oval fat bodies, and what is their significance? ' • , . 

(8-12) , 

: ^ 

8. List two ways to confirm the presence^of observed red blood cells if the observation is in doubt? (8-14) 



9. How would you distinguish granular casts with a hyalin matrix from granular ca'sts derived from 
degenerated epithelial cells? (8-1 7,1 8; Table 1) 



■ > / 



10. List and describe five types of inclusion casts. (8-1 80 1 ) 
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\ 1 . Wlur is the «irigin ot ^ waxy cast, and when is jt most likely to be found? (8-22) 



1 2. Of what significance is the ^ize of a cast? (8-23) 



1 3. Wliai is ihe value as well as the limitation of classifying unorganized sediment »ui the basis of urine pH? 



14. Wliicli of the following normally occur in alkaline urine? 

a. Triple phosphate. 

b. Amrrionium biurate. 

c. Amorphous phosphates. 
(/. Calcium oxalate. 
e. Uric acid. ^ . 



\5, ^ Describe examples of each of the following crystal^ 
a: Triple phosphate. (9-4; Fig. 12) ^ ' \ / 

h. Ammonium biurate. (9-S: Fig. 13) 
f. Calcium oxalate. (9-8; Fig. I S) 



16. List and describe three amino acid crystals sometimes found in urine. (9-9-13; Figs. 16-18) 
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CHAPTER S 

Objectives: To be able to list the qualitative screening tests used in i/rinalysis; to recognize the correct and 
false reactions which may occur; and to know the proper report to render. 

I . What kind of chemical analysis is involved in screening urine specimens for the presence of a constituent? 
(Intro .-2) ' . '^v 



2. What is semiquantitative analysis? (Intro.-2) 

3. Wlierc is protein exerted by the kidneys derived? f 10-1) 

/ • , • 

7 
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What nonsemm proteins a^e contributed to urine? (10-2) 



J us. ,hr»=»u«s or p,o«i;im«»M*Wno,,li,.c.lyr.lu.«i.o kidney-disease. 00.3, 

f„ ..^nfirmatonn testina of urine proteilficr^ening tests? (10-4) 
6. What are the two reasons for eonfirmator»iesimsu f -y 

w,„,p,„.ei.tacno„^sp.=irK*«dby,»li,,.ivea«nes»e*„^ 

8 WhataA«hethreemostwidelyt.sedurine.proteinscreeningte^s?(lO-7) ■.. ; 

. . " . . , „ ^ " ' ■ . ' 

us. faces wW^ ini^enc. ,he «" ^ 

for normal urine protein in mg./100mk (10-9) - ^ 



1 0. Give the upper hmits for normal unne prui.». w-e-. ^ 



n. my is the sensitivity of a urine protein saeening te^t impori^^^ , 

,He .eacions you ha.e s,ud.d, w.a, can you say conce^in, ... «.fu,n.ss of ... ni,* .cid .in, 
test for protein? (10-11; Table 2) 

,3. W„a. .»o p™pe...es of pn..eos.s wii, e>in,ina.e J... f.on, ....fertn, in ,.s.s fo. uHn. pn...in. (.O-, 3, 

V 

A .i. ...id oro^iure where the technician musf Observe the reaction. 
14. Identify the steps in the heat and acetic acid procure wner 

(10-14; Table 3) 4 • 

,5. ,f a v..y a«ne n.ine ,eac.s posi.ive,y on a ,=a.h, s..ip ,.s, fo. p.o.ein, wKa. ^nld you .epo.., 
(10-15,16) 



l6. What are the prerequisites for a urine orotein screening method? (40-17) 



1 7. Why is a urine specimen centrifuged in the heat/acetic acid method tor protein? ( 10-19) 

18. Wliy is a buffer proposed for use in the heat/acetic acid test for urine protein? ( 10-20,21) 

19. What is the principle of the reagent-impregnated strip for protein? ( 1 0-22) 

\ 

20. Is the ideal (optimum) pH for protein reaction with the reagent strip acid or alkaline? (10-22) 



2L How should you report a positive urine protein reaction from the reagei t sfrip? (10-24)^ 



22. What other portion of the reagent strip should be considered when you read the protein reaction of the 
strip? (10-25) 



23. What is the best method for detecting diabetes mellitus? (11-1) 



24. Give the causes for glucosuria, other than diabetes. (1 1-2) 



25. Glucose, lactose, galactose, fructose, and pentoses are all in a group of sugars known a^ 
(11-3) 



26. Benedict's test is a classic test for ^ . (1 1-3,4) 

27. What is the red chemical formed in a positive Benedict reaction with glucose? (11-5) 
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28. Which reagent is more chemically stable, the urine sugar test tablet or Bened1ct*s reagent? (11-6) 
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29. Why must you observe the reaction when using a urine sugar test tablet? (1 1-7) 



30. What is the primary criticism of copper reduction methods (Benedict's), for urine glucose screening? 
(11-9) 



31 . ^ Name two teagents which may be used as known glucose specimens in the glucose oxidase urine 
screening test. (1 1-9,10) 

( 



32: ' Is the time llpse critical in reading a glucose oxidase strip reaction with urine? Why? (1 1-13) 



33. What is the most important false urine glucose reaction in both glucose oxidase and copper reduction 
methods? Explain why it is. (1 M4-16; Table 4) 

34. Why must an analysis for urobilinogen be performed while' the urine specimen is still fresh? (12-3) 



35, What is the Ehrlich reaction? (12-3) 



36. How would you distinguish between urobilinogen and porphobilinogen in terms of the Ehrlich reaction? 
(12-6) . 



37. Describe the reaction which takes place when a bilirubin test tablet is used with urine which is positive 
for bilirubih. (12-10) ^ ^ 



38. Which ketone bodies are detected by Ketostiy®1 Which ketone bodiescare detected hy Acetest®t 
(12-13) ' ^ . 



39. What is the principle of the if e/05/ix® and ^ce/esr® procedures? ( 1 2- 14) 

■i 
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40. a. What is phenylketonuria? 

b. Wliat is the recommended technique for detecting PKU? 

c. Of what value are reagent sticks which use the ferric reaction with phenylpyruvic acid? 
<12.15.17) 



41 . Wliat is the principle of the Guthrie test for PKU? (12-17) 



42. State the principle of rhe hemoglobin test strip. (12-18) 



43. What is the common feature of most modern, reliable pregnancy tests? (12-21) 



44. Describe the principle of the agglutination-inhibition slide test for chorionic gonadotropin. 
(12-28; Fig. 21) 



45. List some sources of error which apply to the Gravindej^ slide test for pregnacy. (12-29,30) 
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ANSWERS FOR CHAPTER REVIEW EXERCISES 
CHAPTER 1 

1 . Align the lamp so that it is directly in front of the microscope and is at a distance of approximately 8 to 
12 inches from the microscope. By means of the knurled knob at the back of the lamp base, adjust ihe 
vertical position of the lamp so that the light falls on the center of the microscope mirror. The filaments of 
of the lamp bulb are sharply focused on the mirror with the filament focus control. Adjust the 
horizontil nnd vertical directions of the lamp so that the image of the filaments is centered on the mirror. 
All cvca more accurate ir.cihod is lo lake a second flat mirror and position it adjucent to the microscope 
mirror so that one can sec the underside of the condenser iris diaphrajjm. Close the condenser iris' 

. diaphragm so Miat its opening is buv a pinpoint and the image of the lamp filaments is focused on the 
underside of the condenser iris diaphragm. 

2. u. Check the microscope image of the slide object to be sure it is still in focus. With both the condtnser 

iris diaphragm and the lamp iris diaphragm closed, move the microscope condenser up and down 
until a sharply defined image of the lamp iris diaphragm is obtained in the field of view. Once again 
the image of'thc object on the slide should be in sharp focus. Adjust the microscope mirror so that 
the image of the lamp iris diaphragm is centered in the middle of the field of vision. Open the iris 
diaphragm of the lamp until the field of vision seen through the microscope eyepieces is fully 
illuminated. The lamp iris diaphragm image should be centered and sharply defined in focus. 
b. No. 

3. The condenser iris diaphragm must be properly adjusted. 

4. a. The iris diaphragm is part of the optical system responsible for image resolution. 

b. There is only one correct setting for the iris diaphragm lor each objective; this component is noi 
intended to control the level of illumination. 

5 . The intensity of illumination is controlled with neutral density filters. Some lamps may be equipped with 
a rheostat which may also be used for this purpose. 

6. A three-glass microscopic examination provides an index of where in the urinary tract certain formed 
elements are coming from. 

7. a. Toluene, formalin, thymol. 

b. Thymol gives a false positive test for albumin. Formalin gives a false positive test for sugar if a 
reduction method is used. ^ 



CHAPTER 2 

1 . Medullary rays consist of branched collecting tubules and limbs Of the loop of Henle. They are located in 
the renal cortex. 

2. Glomerulus, proximal convoluted tubule, loop of Henle, and distal convoluted tubule^ 

3. In the absence of compensating factors, a rise in blood pressure increases the rate of glomerular filtration 
and hence increases urine production. A decrease in blood pressure has the opposite effect, 

4. Proximal convoluted tubules. 
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5. Glomerular fHtratc: pH 7.4; specific gravity 1.008 to 1.012. Urine: pH 4.6 to 8; specific gravity 1.015 
to 1.025. 

6. (1) Ketone bodies are oxidized to corresponding organic acids. (2) Ammonium ions replace sodium ions. 
(3) Bicarbonate ions are reabsorbed in the tubules. (4) Hydrogen ions are excreted by the tubules. 

7. The term uremia indicates the presence of urinary constituents in the blood, usually urea nitrogen. 

8. In measuring nonprotein nitrogen, we are measuring many miscellaneous substances including creatinine, 
amino acids, etc. It is more meaningful to be specific. 

9. Bence-Jones protein has a molecular weight range of 25,000 to 90,000. This is an important point because 
molecules le;|^han 68,000 a.m.u. readily pass thorugh the glomerulus. 

10. A. Efferent arteriole. ' *' 

B. Afferent arteriole. 

C. Glomerulus. . 

D. Bowman's capsule. 

E. Proximal convoluted tubule. 

F. Loop of Henle. 

G. Distal convoluted tubule. 

H. Collecting tubule^ 



s 



CHAPTERS 

1 . Diet, body size, ifluid intake, fluid loss,xiiuretics. 

2. 1,200 to 1,500 ml. 

3. A freshly vioded, early morning specimen is usually the most valuable. 

" 4. Chromogens may be removed by mixing the specimen with activated charcoal and filtering it. 

5. Hemoglobinuria. 

6. No assumptions can be made solely on the basis of urine color. ' 
The reaction changes to alkaline because of the formation of ammonia from urea. 

8. To control urinary calculi or to provide an effective pH rmge for antibiotic therapy. 

9: A qualitative urine pH report (i.e. above or below pH 6.^ which is determined with litmus paper is of 
little value to the physician in clinical evaluation or treatment. 

1 0. Acid or alkaline fumes, previously wet strips, and leaching reagent by soaking or excess wetting. ^ 

1 1 . The desiccant is there to absorb moisture from the atmosphere which enters the bottle when it is open. 
Unless the reagent strips are kept dry they will not remain stable. 

1 2. Specific gravity is the ratio of the weight or mass of a given volume of a substance to the weight of an 

' equal volume of a standard, i.e., pure water. ^ 
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0.001 is added to or subtracted from the observed reading for each 3° C. higher or lower temperature, 
respectively, in relation to the calibration temperature* 



1^. The three digits after the decimal point would be multiplied by 3. 
IS. ' Refractometer. 
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CHAPTER 4 

K By organized urinary sediment mean body cells and their derivatives which are found in urine. The 
definition could be expanded to include other cellular elements such as yeast, parasites, and bacteria; 
however, this is not the usual understanding. 

2. 0. Starch granules turn blue upon the addition of iodine. 

6. Yeast cells are usually identified by the presenqe of budding. 

3. 0. 10 ml. 
6. Yes. 

c. The amount will determine the quantitative aspect, i.e., how many constituents should normally be 
found. 

4. The amount added should be minimal, although it is not really critical. If too much acetic acid is added, 
red blood cells and casts will be destroyed. 

5. To clear amorphorus urates, add an equal part of warm water to the urine. 

6. It is currently believed to be unwise for the laboratory technician to attempt identification of epithelial 
cells by site of origin. 

7. 0. Glitter cells are polymorphonuclear leukocytes. They are so-called because the engulfed bacteria 

glitter under light through the microscope. 
6. Oval fat bodies are intact epithelial cell borders which contain droplets of fat. They are clinically 
significant, and are especially characteristic of degenerative tubular disease. 

8. Add acetic acid and if the cells disappear they were RBC's; second, the benzidine test for blood can be 
used to confirm the presence of RBC's. 

9. Hyalin stains pink with the Sternheimer-Malbin stain. 

10. 0. Fine granular hyaline cast - more or less tightly packed fme granules in a hyalin matrix.' 
b. Coarse granular hyaline cast - coarse granules in a hyalin matrix. 

c Tabular epithelial cast - rounded epithelial cells iii a hyalin matrix. 

d. Red cell - packed red ctflls in a hyalin matrix, and to be distinguished from a cast of cells without 
clear outlines (blood cast). 

e. Other - you might also suggest hyalin casts which contain crystals, bacteria, or fat. 

11. A waxy cast is an epithelial cell cast which represents amyloid degeneration. It is found in urine of high 
specific gravity from patients with advanced nephritis and diseases characterized by amyloid deposition. 
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12, The size of a cast is some indication of the size of the lunifi'n of the tubule in which the cast was formed. 
This is clinically signifi^^ant because it is a clue to the inflammatory state of the tubule as well as an 
indication of the functioning capacity of the nephron units. 

13. A classification of unorganized sediment based upon urine pH is helpful in crystal identification. Some 
ci^stats^such as calcium oxalate may be present in either acid or alkaline urine; and this is a somewhat 
limiting factor in the usefulness of such a system. 

14 J. ^. and c. 

15. a. Triple phosphate crystals may be Ihrcc, four, or six sided, typically presenting the **coffin-lid" 

appearance. 

b. Ammonium biurate crystals sliow different forms including sheaves and dumbbells. 

c. Calcium oxalate crystals are fight sided with an **envelope" appearance. They may also appear as 
dumbbells or spheres. 

r 

16. a. Leucine -- yellow spheres presenting radial and concentric striations. 
h. Tyrosine fine needles arranged in sheaves*. «^ 

c. Cystine - hexagonal plates with well-defined edges. 



CHAPTER 5 

1 . Qualitiative analysis. 

2. The chemical analysis which roughly estimates the quantity of a chemical constituent. 

3. From plasma proteins. 

4. Nonserum proteins in urine are mucoproteins. 

5. a. Evtradinary physical exercise. 

b. Ingestion of high protein meal. 

c. Postural aberration. 

d. Febrile conditions." 

e. Bleeding in urogenital tract. 

6. a. The clinical importance of the result. 

b. The limitations of any single method. 

7. No qualitiative urine protein screening test measures a specific protein fraction. 

8. a. An indicator with buffer. 
h. Heat and acetic acid. 

c. Siilfosalicylic acid. ^ 

9. a, 24-hour urine volume. 

b. Diet. 

c. Urinalysis method. 

d. Normal physiological fluctuations. 
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10. 7to lOmg./lOOiTil. of urine. 

\ ** 

11. If the screening testes so sensitive that it detects loss than the higher limits orllormal (7 to 10 mg. 
percent), positive results will be obtaiited on normal amounts of urine protein. This would render 
the test useless for screening urine specimens. 

12. The nitric acid ring test for protein reacts falsely with many substances other than protein. It is a 
nonspecific reaction and practically worthless as a screening test. . 

13. Proteoses will dissolve in picric acid or heated urine; however, protein precipitates in both cases and is 
thus specifically identit'ied. 

14. fl. Initial observation of uncentrifuged urine, 

b. After centrifugation. 

c. After initial boiling. 

d. After acidification. 
€. After reboiling. 

15. A highly buffered alkaline urine specimen will give a false positive protein reaction. You should not 
report this reaction unless it is confirmed by a positive reaction with heat and buffered acetic acid. 

16. a. Sensitive enough to detect all abnormally high quantities of urine protein. 

b. Not so sensitive that it reacts with normal levels of urine protein. 

c. Few, if\any, false reactions. ' . ^ 

d. Stable reagents. 

e. Efficient procedure. 

17. Centrifugation removes most of the crystals and cellular components of urine so that they Nyill not 
interfere with the reaction. 

f 

18. A buffer in the heat/acetic acid method will maintain the optimal pH of the reaction for protein 
precipitation between pH 4 and 5. 

19. Certain pH indicators will turn different cblors at the same pH in the presence of protein. 
20.. Acid,pH3. >^ 

21. Trace, 1+, 2+,3+, or 4+. . 

22. The pH portion should be considered because of the possibility of a false positive protein in an alkaline 
urine. t 

23. Screening urine specimens for glucosuria. 

24. a Kidney disease. 

b. Pancreatic disease. 

c. Endocrine disorders. 

d. Damage to central nervous system. 

e. Stress. 



/. Pregnancy. ^ 
g. Anesthesia. 



^ »^ C 
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2S. Reducing sugars, 
> 26; Reducing sugars. 

27. Cuprous oxide (CUjO). 

28. Benedict's reagent. 

20. In case there is a pass through reaction indicating reducing substances greater than 2 percent. This will 
not be obvious after the reaction has occurred. 

30. Theic arc many false glucose reactions. 

31. (L An equilibrated glucose solution from shelf reagent. 
b. Coca Cola. 

32. Yes. It must be read at the times indicated in the directions for each method. 
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33. The most serious false reaction in urine glucose screening with glucose oxidase and copper reduction 
methods is from vitamin C (ascorbic acid). Concentrations encountered from the therapeutic levels will 
cause false negative glucose oxidase reactions and false positive copper reduction tests for glucose. If 
glucose oxidase is used as the initial screening test, positive glucosuria will be missed entirely. 

34. Urobilinogen will disappear from urine, as it is readily oxidized to|urobiIin. 

35. Urobilinogen and other bile pigments react with paradimethyl-^ino benzaldehyde in hydrochloric acid 
to form a red color. ^ 

36. Porphobilinogen can be extracted with chloroform; the red urobilinogen complex is not soluble in 
chloroform. 

37. Bilirubin reacts with p-nitrobenzene p-toluene sulfonate and imparts a purple color to a mat of .asi)estos 
and cellulose fibers upon which the tablet is placed. The tablet also contains a weak acid and a base to 
enhance solubility of the reactants. 

38. /Cero5//jc® detects only acetoacetic acid. Acetest® ^^i^ci% both acetone and acetoacetic acid. 

39. Sodium nitroprusside reacts with certain ketones in a suitable me^Jium to produce a purple color. 

40. ' a. Phenylketonuria is an error of protein metabolism which results in the accumulation of phenylketones 

in the blood and consequent mental retardation. 

b, PKU is detected by means of the Guthrie test or other suitable means. 

c. The reagent sticks are of very little value and should not be used except as a rough screening procedure 
in addition to more reliable tests. 



41 . Phenylalanine prevents the Inhibition of a culture of Bacillus subtillis by beta-2-thienylalai^e. 

42. The test strips for hemoglobin are impregnated with orthotolidine which turns blue when oxidized 
by peroxide in the presence of hemoglobin. 
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4i\ Most, if 6^, all, itiodern reliable pregnancy tests measure chorionic gonadotropin ^ 

V "I ' 

44. t;he patient'i^iurine is mixed with anfi-HCG. If the urine contains no HCG, there is no reaction. If the 
unne does cd|tain HCG, the anti-HCG is neutralized .j[he anti-HCG reagent is then reacted with latex 
particles coati| with HCG. Lack of noticeable agglutination signals previous neutralization of the 
anti-t^CG and i|considered a positive test. 

\ I 

45. Improp^ mixing^f specimen and reagents; drying on the slide; failure to use control; not conducting the 
test at robm temp|rature; allowing the specimen to deteriorate; testing contaminated spepimens; errors 
in reading\the test^ 
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VOLUME REVIEW EXERCISE 

Carefully read the following: 
DO'S: 

1. Check the "course," "volume," and "form" numbers from the answer sheet 
address tab against the "VRE answer sheet identification •number" in the 
righthand column of the shipping list. If numbers do not match, take action 
to return the answer sheet and the shipping list to ECI immediately with a 
note of explanation. ^ 

2. Note that numerica] sequence on answer sheet alternates across from column 
to column. 

3. Use ^only medium ji^arp #J black lead pencil for marking answer sheets 

4. Circle the correct answer in this test booklet. After^ou are sure of your 
answers, transfer them to the answer ^heet. If you have to change an answer 
on the answer sheet, be sure that the erasure is' complete. Use a clean eraser. 
But try to avoid any erasure on the answer sheet if at all possible. 

5. Take action tp return entire answer sheet to ECI. 

6. Keep Volume Review Exercise booklet for review and reference. 

7. If mandatorily enrolled student, process questions or comments through your 
unit trainer or OJT supervisor. 

If voluntarily ^^nxoW^d. student, send questions or comments to ECI on ECI 
Form 17. 

DON'TS: ' 

1. Don't use answer sheets other than one furnished specifically for each review 
exercise. 

2. Don't mark on the answer sheet except to fill in marking blocks. Double 
marks or excessive markings which overflow marking blocks will register as 
errors. 

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet. 

4. Don't use ink or any marking^ other than with a #1 black lead pencil. 

NOTE: TEXT PAGE REFERENCES ARE USED ON THE VOLUME 
REVIEW EXERCISE. In parenthesis after each item number on -the VRE 
is the Text Page Number, where the answer to that item can be located. 
When answering the hems on the VRE, refer to the Text Pages indicated 
by these Numbers, The VRE results will be sent to you on a postcard 
which will list the actual VRE items you missed. Go to the VRE booklet 
and locate the Text Page Numbers for the items missed. Go to the text and 
carefully review the areas covered by these references. Review the entire 
VRE again before you take the closed-book Course Examination.^^ 
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" Multiple Choice 

1 . (001-002) Prior to establishing Kohler illumination with the binocular microscope, you should 

2|. align thQ condenser. c. focus ihe lamp I'ilamenrs. 

b. adjust the diaphragm. . d. adjust for refractive differences of your twoieyes. 

2. (004) To produce t^e desired reduction in illumination of the back lens, you should adjust the 



a. 1 OX objective. c. neutral density filters. 

b. '^condenser iris diaphragm. d.^ color correction filler. 

3. (004) The intensity of microscopic illumination should be controlled 

a. with adjustment of the lamp iris. c. with neutral density filters. 

b. by closing the condenser iris. ^ ^d. byjopening the condenser iris. 

4. (005) Hyaline casts dissolve most readily in urine of 

a. low specific gravity and high pH. c. high specific gravity and high pH. 

b. low specific gravity and low pH. d. high specific gravity and low pH. 

5. (007) One the disadvantages in using formalin as a specimen preservative is that it 

a. contains carbon atoms. c. inhibits the test for indican. 

b. volatilizes. " d. extracts steroids. 

6. (007) Which of the following gives a false positive test for albumin? 

a. Toluene. c. Formalin. 

b. Thymol. d. Xylene. 

7. (009) The medullary rays of the kidney are located principally within the 

a. medulla. c. hylum, 

b. capsule. d. cortex. 

8. (010) Structures directly related to, but not a part of, the kidney include 

a. ureters. c. glomeruli. 

, b. collecting tubules. d. ducts ofBellit^L 

9. (010-011) Blood is supplied to each nephron unit of the kidney through 

a. the inferior vena cava. c. an afferent arteriole. 

b. an efferent arteriole. d. the renal vein. 

10. (012) The normal average specific gravity of glomerular filtrate is 

a. 1.006. ^ c. 1.015. 

b. 1.010. d. 1.025. 
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11. (012-01 3) Most of the water in glomerular filtrate is absorbed in the 

a. proximal convoluted tabules. c. distal c^voluted tubules. 

b. glomerulus. d. loop of Henle. 

12. (013) The normal volume of urine excreted by an adult in iiters per 24 hours averages 

a. 0.5 to 1.0. e. 1.5 to 2.0. 

b. 1.0 to 1.5. d. 2.0 to 2.5. 

13 (013) A term which Indicates the presence of urinary constituents in the blood is 

a. uremia. » c. uroerythria. 

b. acidosis. d. uri^icaria. 

14. (014) Renal amyloidosis is an aspect of which tubular disorder? 

a. Mercury poisoning. * c. Multiple myeloma. 

b. Tuberculosis. d. Gout. 

15. (014) Which vascular disease primarily involves the capillaries? 

a. Nephrosclerosis. . ' c. Glomerulosclerosis. 

b. Glomerulonephritis: ' * ' d. Thrombosis. 

16. (015) The normal daily output of urine for adults should not exceed 

a. 3,000 ml. c. 1.500 ml. 

b. 2,000 ml. d. l.OOOml. 

.17.^(015) Variation among individuals in 24-hour urinary volume, does nor depend upon 

* # 

a. fluid intake. c. diet. 

- b. body size. * d, renal threshold, 

18. (01 5) The most* valuable urine specimen to a physician is usually ' 

a. a late-evening specimen. c. a first-morning specimen. 

b. a mid-afternoon specimen. d. one taken at random. 

19. (016) When the urine has hed color in it, 

/ ' 

a. yyu may assume the. presence of pathology. 

b, yyou should attribute the variation to the patient's diet, 
c/ you may assume that the blood is normal. 

d. you should be alerted to thp possibility of pathology. 

20. (016) An aged urine s^pecimen becomes alkaline because of the formation of 

a. ammonia. ' c. urea. 

b. Pseudomonas, d. Proteus. 
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21 . (017) Leaching of reagent from a paper strip occurs when the strip is 

a. drained. ^ c. dipped. 

b. soaked. ' d. touched. 

22. (017) To maintain the stability of reagent-impregnated strips, the screw-capped bottle should 

a. remain open. c. contain desiccant.» 

b. be refrigerated. . ' d. be stored in a dark room. 

23. (017) In using a urinometer to measure specific gravity, the correctioh factor for eacl> Jr C. higher or 
lower than calibration temperature is ^ I 

. a. ±1.001. c. ±0.010* 

b. ±0.100. ^ >, d. ±0.001. ^ 

24. (020) An object in urine which appears to be budding is probably a 

a. yeast ceO. ^ c. white blood cell. 

b. spermatpzoan. ^d. dividing erythrocyte. 

25. (021) The amount of urine in rnilliliters which is normally centrifuged for a urine microscopic 
examination is - t 

• a. 5. c. 10. 

b. 8. ^ d. 15. 

26. (021) The addition of dilute acetfc acid will clear the urine of 

a. uric acid, c. amorphous urates. 

b. amorphous carbonates. . ^ d*. leukocytes. 

27. (022) Glitter cells in urinary "sediynent 

a. have no diagnostic value. c. are characteristic of degenerative tubular disease 

b. stain orange with Sudan III. d. contain many bacteria. 

28. (023) In a hypertonic medium, redl)lood <iells will 

a. hernolyze. c. produce ghost forms. 

b. remain intact. , d. crenate. 

29. (023-024) Another term for transudation in describing a cast is < 

t 

a. epithelial. c. hyahne. ' . 

b. waxy. d. transitional. 

30. (024) With the Sternheimer-Ma/bin stain, hyaline material stains 

a, blue. c. red. 

b. green. d. pink. 
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(024) With the Stcrnhcimcr-Malbin stain, red cells in a red cell inclusion cast appear 

a. pale lavender. c. palepinki 

b. dark blue. d. orange. ^ 

(025) With the Sternheimer-Malbin stain, fat will produce 

a. a pink stain. ^ c. a blue stain. 

b. a red stain. d. no stain. 

(02S) Broad casts in urine 

a. result from urinary stasis. c. occur primarily in urine from children, 

b; indicate a swollen tubular epithelium. d. result from all of the above. 

(027) "Highly refractile prisms varying in size and resembling coffin lids" describes 

a. triple phosphate crystals. c. ammonium biruate. 

b. ammonium oxalate. d. uric acid. ^ 

(027-028) Amorphous urates may be differentiated from amorphous phosphates on the followifig 
criterion, 

a. amorphous urates are soluble in acetic acid. 

b. amorphous urates are soluble in alkali. 

c. amorphous phosphates dissolve more readily upon warming. 

d. amorphous phosphates are soluble in alkali. 

(028) Leucine and tryosine crystals are 

a. commonly found in the urine. c. both soluble in boiling acetic acid. 

b. both soluble in dilute hydrochloric acid. d. formed as the result of serious liver damage. 

(028) The Morner reagent is used to test for 

a. tyrosine. c. leucine. 

b. cystine. ^ d. sulfa derivatives. 

(028-029) A solution will give a red color with naphttioquinone-4-sodium sulfonate sulfite reagent 
(Sullivan test) if it contains 

a. leycine. ^ c. cystine. 

b. isoleucine. ' d. cholesterol. 

(029) When cystals of the sulfortaqydes are found in urine, they usually indicate 

a. faulty metabolism. c. alkaline urine. 

b. toxicity. d. sulfa therapy. 
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40? (030) The relatively small protein molecule, albumiir, has a molecular weight of approximately 

«, ^ 

a. 70,000. c. 700. 

b. 7,000. * . d. 70. 

41. (031) Accounting for normal fluctuations in urine volume, the upper limit of "normal" for urinary 
protein in mg/ 1 00 ml. of urine is 

a. 1 to 15. c. 7 to 70. 

b. 7 to 10. d. 70 to 100. 

42. (035) In the heat and acetic acid screening test for urine protein, the acetic acid 

a. reacts with carbonates. c. forms an acid reagent buffered at pH 4. 

b. dissolves urates. ' d. prevents negative reactions. 

43. (035-036) Which of the following will not reduce Benedict's reagent? " 

a. Xylose. ^ c. Lactose. 

b. Sucrose. d. Glucose. 

44. (037-038) A "pass through'' reaction with the urine sugar test tablet indicates that reducing substances 
are 

a. negative. c. 2 percent. 

b. 1 percent or less. d. more than 2 percent. 

45. (038) Ascorbic acid, which interferes with urine glucose tests, may result from 

a. endocrine disorders. c. abnormal amounts of protein. 

b. iron therapy. d. a diseased pancreas. 

46. (038) How long does it take to establish a chemical equilibrium between the alpha and beta forms of 
D-glucose in water? 

a. 5 minutes. c. 30 minutes. 

b. 15 minutes. d. I hour. 

47 . (039) What substance below causes a false negative glucose oxidase reaction and false positive 
Benedict's reaction? 

a. Lactose. c. Vitamin C. 

b. Coco Cola. V. d. Antibiotics. 

48. (039) The urine sample must be fresh when making the urobilinogen test because if it stands too long, 
it is converted to 

a. stercobilinogen. ^ c. bilirubin. 

b. mesobilinogen. d. urobilin. 
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49, (04Q) Which of the following is not one of the porphyrin group of compounds? ' * 

a. Porphobilinogen. , c. Coproporphyrin. 

h. Urobilinogen. d. S^aminqlevulinic acid. 

so. (040) Which of the following contains a black pigment excreted in some cancer states? 

a, Gent isic acid. /c. Melanin. • 

b, Indican. ^ • ^ d. Phenol. 

5 1 . (040.041 ) The reagent used in the AcetesiJ® (or modified Rothera test) is 

a. sodium azide. c. para-benzaldehyde. 

b. sodium nitroprusside. d. diazo reagent. 

52. (041 ) As a test for PKU, test sticks employing the ferric ion reaction with phenylpyruvic acid are best 
described as 

a. adequate for screening. c. inadequate. 

b. semiquantitative. d. better than the Guthrie test. 

53. (042) A bioassay test for gonadotropin which uses female mice is the 

a. Aschheini-Zondek. c. Xenopus laevis. 

b. Friedman. Ram pipiens. 

54. (043) Which of the following terms best describes the slide lest for pregnancy involving latex particles 
coated with human chorionic gonadotropin? 

a. Agglutination. c. Precipitation. 

b. Agglutination-inhibition. d. Antolytic. 

55. (043) Which of the following is not a source of error in performing the Gravinde:^ slide test for 
pregnancy? 

a. Using reagents whi6h are at refrigerator temperature. 

b. Vigorously mixing the specimen. 

c. Viewing the slide on an Rh*type viewbox. , 

d. Discarding the reaction mixture after 2 minutes. 

56. (043) Urine specimens for pregnancy testing ttiat must be preserved are best preserved by 

a. freezing. c. formalin. 

b. boric acid. d. refrigeration. ^ 
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For purposes of this career development course, you will 
not be responsible for information included in this pamphlet 
unless it 'is repeated, expanded, or otherwise developed in the 
text of the various chapters. The supplementary information 
is intended as reference material which will be helpful in this 
course and in your daily work. It is divided into three sepa- 
rate appendixes. Appendix A provides information on the ele- 
ments/, and also explains how to obtain valuable data from a 
periodic chart. It relates specifically to Chapters 1 and 2 of 
Volume 1 and recurrently to various aspects of the clinical 
cheiftistry laboratory. Appendix B serves as a handy reference 
of /clinical chemistry values with pertinent special instruc- 
tions. The list which is presented will be of value on many 
occasions in your career. However, remember that clinical 
c/nemistry is a rapidly progressing field; and it is, therefore, 
necessary to constantly revise and update data of this type. 
Mso, "normal values" vary with current concepts and sometimes 
with the test itself. Finally, Appendix C is a brief but quite 
detailed review of mathematics, including that time-saving 
device, the slide rule. The summary of general formulae pres- 
ented here is just that a summary. Detailed discussion and 
a'similar table may be found in AFM 16Q-49, Laboratory Proce- 
dures in Clinical Chemistry and Urinalysis^ As. pointed out in 
the text, chemistry is best expressed mathematically. Time 
devoted to developing facility in mathematics is well spent. 
AXfew sheets of graph paper and a standard deviation worksheet 
are included which are to be used in your solution to some of 
the problems. 
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Section 1' 



APPENDIX A. THE ELEMENTS 

Table of Elements Common to the 
Cliniaa I Laboratory 



This table provides a rapid means o£ referring to the 
atomic weight or atomic number o£ elements frequently encoun- 
tered in the clinical laboratory. 







ATOMIC 


ATOMIC 


yv^ MP 


C VA4T3/~i T 
bXMtSUL 


NO. 


WT. 


Aluminum 


Al 


13 


L 0 


Q fi 


Antimony 


Sb 


51 


1. L 1. 


m / \J 


Arsenic 


As 


33 


1 L 


Q 1 


Barium 


Ba 


56 


± o / 




Bismuth 


Bi 


83 




• u U 


Bromine 


Br 


35 


7Q 


Q 9* 


Calcium 


Ca • 


20 


•t U 


OA 
• u o 


Carbon 


C 


6 


J. L 


• U 1 


Chlorine 


CI 


17 


X^ 


Aft 


Chromium 


Cr 


24 




m 

• yj ± 


Cobalt 


Co 


27 


D O 




Copper ^ 


Cu 


29 


U J 


^ A 


Fluorine 


F 


9 




• u u 


Gold 


Au 


79 


1 Q 7 


• u u 


Hydrogen 


H 


1 


1 


n n 0 


Iodine 


I 


53 




Q 1 


Iron 


Fe • 


26 


c c 

J J 


• O D 


Lead 


Pb 


82 


9 0 7 
Z U / 


9 1 


Lithium 


Li 


3 


0 


Q A 


Magnes ium 


Mg 


12 




X 9 


Manganese 


Mn 


25 




Q yi 


Mercury 


Hg 


80 


9 n n 
^ u u 


. 01 


Molybdenum 


Mo 


42 


95 


95 


Nickel 


Ni 


28 


58 


.71 


Nitrogen 


N 


7 


14. 


01 


Osmium 


Os 


76 


190. 


20 


Oxy&p. 


0 


8 


16. 


00 


Palladium 


Pd 


46 


106. 


4 


Phosphorus 


P 


15 


30. 


98 


Potassium 


K 


19 


39. 


10 


Selenium 


Se" 


34 


78. 


96 


Silicon 


Si 


14 


28. 


09 


Silver 


Ag 


47 


107. 


88 


Sodium 


Na 


11 


22. 


99 


Sulf ui] 


S 


16 


32. 


07 


Tin ^ 


Sn 


50 


118. 


70 


Tungsten 


W 


74 


183. 


86 


Zinc 


Zn 


30 


65. 


38 
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Section 2. Periodic Chart* 

The periodic law states that chemical properties of ele- 
ments are periodic functions of their atomic numbers. That is, 
if elements are arranged according to atomic number, they can 
be grouped in vertical columns in such a way that each element 
will have properties similar to the one directly above or below 
it. Following the Periodic Chart is a table showing l;he elec- 
tron configuration of the elements of the first three periods. 



0.939 1.0123 

2-1 '2-2 
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Adapted from Handbook of Chemistry and Physics , 47th Edition, 
The Chemical Rubber Company, Cleveland, Onio. Values for 
atomic weights given in this table may differ slightly from ' 
the values listed in Section 1. 



ELECTRON CONFIGURATION OF PERIODS 1, 2, and 3 
FROM THE PERIODIC CHART 



Atomic 

Number Element K L M 



1 Hydrogen 1 

2 Helium 2 Inert 



3 Lithium " 2,1 

4 Beryllium 2 2 

5 Boron 2 3 

6 Carbon 2 4 

7 Nitrogen ' 2 5 

8 Oxygen 2 6 

9 Fluorine 2.7 

10 - Neon 2 8 Inert 



11 ' Sodium 2 8 1 

12 Magnesium 2 8 2 

13 Aluminum 2 -8 '3 

14 Silicon 2 ? 4 

15 Phosphorus 2 8 5 

16 Sulfur 2 8 6 

17 Chlorine 2 8-7 

18 Argon 2 8„ 8:, Inert 
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APPENDIX B. TABLE OF CLINICAL VALUES* 



Section 1. Analyses Performed on Serum (unless 
otherwise specified) 



ANALYSIS 

Acetone plus 
acetoacetate 

Albumin 

Alcobo'l 

Ammonia 

Amylase 
Ascorbic Acid 



Bilirubin 

Bromsulfalein (BSP) 

BUN • 
Calcium 



Carbon dioxide 
(plasma may be 
preferred) 



NORMAL 

0.3 to 2 mg.% 

See^ under protein 
See ethanol 
40 to 70 yg.% 

Varies with test 
0.4 to 1.5 mg.% 



Direct ; 
Total: 



0.2 mg. % 
0.6 mg. % 



Less than|5% reten- 
tion in 45* min. 

See urea nitrogen 

9 to 11 mg.% 



26 to 28 ^Eq/L. 
Infants . lower 



SPECIAL 
INSTROCfldNS 



Use hepar inized 
syringe. 



Very unstable. 
Decreases even 
at low tempera- 
tures , and dis - 
appears within 
hours at room 
temperature . 

Hemolysis 
decreases. 



BSP ,d>^ inter- 
fered. '\ 

HeparinizV syr- 
inge afid store 
in suii\abl\e 
plastic \lified 
container If to 
be shipped. 



) 



*Values for newborn infants may be found in The Physiology of 
the Newborn Infant, Smith, C. A., 3rd Ed. 1959, Charles C. 
Thomas Co. 
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ANALYSIS 
Carbon monoxide 



Carotene 

Chloride 
Cholesterol 

Copper 



Creatinine 
Cryoglobulins 



Ethanol 
(whole blood) 



Glucose 
Cwhole blood 
preferred) 



Hemoglobin electro 
phoresis (cells) 



NORMAL 

Symptomatic at 
20% saturation or 
less . ^ 



1 to 3 units per ml. 



98 to 106imEq/L- 



J 



Total 150 to 310 mgA 
Esters 60 to 80% tot. 

100 tQ 200 yg. 
per 100 ml. 



0. 7-^0 1.5 mg. 

None 



Subject to interpre- 
tation 



80 to 120 mg. % tojtal 
reducing substance 



SPECIAL 
INSTRUCTIONS 

Use whole 
blood. Li 
Oxalate accept- 
able . Stopper 
tightly. 

Variation among 
sources in val- 
ue of normals V 



Bilirubin will 
elevate . 

Ship in bottle 
which is acid- 
washed and 
rinsed in cop- 
per-free water. 



Keep at 37°C. 
until serum is 
separated . 

Lithium Oxa- 
late ; stopper 
tightly; re- 
frigerate . 

Sodium fluoride 
recommended 
preservative , 
or send PFF if 
shipped. ^ 

Wash cells 
three times 
with saline,, 
add equal amt. 
dist. water and 
1 ml. toluene. 
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ANALYSIS 

Hemoglobin, plasma 



NORMAL 

Less than 5 mg. 



SPECIAL 
INSTRUCTIONS 

Avoi4 hemolysis 
1 ml . 3% sodium 
citrate recom- 
mended antico- 
agulant per 
10 ml. o£ 
blood. 



Iodine, Protein 
Bound 

Iron 



Iron-binding 
capacity 

1, Unsaturated 
iron-binding 
capacity 

2. Total iron- 
binding 
capacity 

Lactic dehydrogen- 
ase 

Magnesiiftn 

Methemoglobin 
(whole blood) 

PBI 



See PBI 



50 to 150 yg. per 
^ 100 ml. 



Male 

0.150 to 
0.222 mg. % 



Female 
0.144 to 
0.322 mg.% 



0.254 to 0.224 to 

0-432 mg.% 0.415 mg.% 



Units vary with 
procedure 

1.5 to 2,5 m'Eq/L. 

Zero 



Lower in AM 
(diurnal 
variation) . 

non- icteric 
fasting speci 
men. 



4 to 8 yg.% 



Must not be 
hemolyzed • 



Avoid excessive 
oxalate • 

Avoid iodine 
contamination. 



Phenylalanine 
Phosphatase, acid 



Phosphatase , 
alkaline 



0 to 2 mg. % 

Units vary with 
procedure 



Units vary with 
procedure 



Freeze if to be 
stored; avoid 
hemolys is • 
Minimize stor- 
age time. 

, BSP dye inter- 
feres . 
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ANALYSIS 



Phosphorus , 
inorganic 



NORMAL 



3.0 to 4.5 mg.l 
ohildren higher 



Potassium 3.8 to 5.0 mEq/L. 



Protein: 
Total 
Albumin 
Globulin 
A/G ratio 

Protein by paper 
electrophoresis : 
Albumin 

Globulin, Alpha]^ 
Alpha2 
Beta 
Gamma 

Protein, Fibrinogen 
(whole blood) 



6 to 8 g. per 100 ml 

3.6 to 5.6 g.% 

1.3 to 3.2 g.l 

1.5 to 2.5:1 



45 to 55% of' total 
5 to 8% 
8 to 131 
11' to 17% 
15 to 251 

200 to 600 mg.% 



Salicylate 



/ 



s 

To 30 mg.% ave^;. 
therapeutic maximum 
dose 



Sodium 

Transaminase 



138 to 146 mEq/L. 

SGOT and SGPT 
Units vary with 
procedure 



SPECIAL 
INSTRUCTIONS 

Use fasting 
specimen and 
separate serum ■ 
as soon as pos - 
sible. Mirii- 
mize storage 
time. 

Serum must be 
separated from 
cells within 
1 hr. 



0 



Use K-Oxalate 
ofily; some 
methods use 
whole blood di- 
rectly into 
buffer soln. 

Serum, plasma, 
or PFF; toxic- 
ity is a matter 
of clinical 
interpretation . 
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ANALYSIS 
Urea Nitrogen 



Uric Acid 



Vitamin A 



NORMAL 

8 to 25 mg.% 



4 to 6 mg.% 



0.5 to 2.0 units/ml 



SPECIAL 
INSTRUCTIONS 

Do not use 
ammonium oxa- 
late. Range 
will be more 
restricted with* 
certain methods. 

Separate cells 
and serum. 
Serum should be 
clear. 

] 

Texts vary in 
defining . what 
is normal . 



Section 2. Analyses Performed on Urine 



ANALYSIS 



Acetone plus 
acetoacetate 

Coproporphyria 



Creatine 



Homogentisic 
acid 



5-HIAA 



NORMAL 
None 



50 to 250 ug./day; 
Children less 



0 to 200 mg^/24 hr, 
Usually ,less than 
100 mg*/24 hr. 

None 



Zero 



SPECIAL 
INSTRUCTIONS 

Refrigerate • 
specimen. 

24-hr . specimen 
^^with'S g. sodi- 
um carbonate . 

Accomplished in 
conjunction 
with creatinine. 

Refrigerate 24- 
hr. urine. 
Salicylates 
interfere . 

Collect with ^ 
-HAc in con- 
tainer. pH 
must b^ below " ' 
6 at all times . 



) 
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ANALYSIS 



NORMAL 



SPECIAL 
INSTRUCTIONS 



Lead 



Less than 120 ugj./24 hr. 



PSP 



Porphobilinogen 



Protein 



25% by IS min. 
40% by 30 min. 
60% by 2 hr. 

Zero 



None 



Steroids : 


Age 


Male 




Fema le 


17-keto 


10 


1 


to 


4 mg. 


1 


to 


4 mg. 




20 


6 


to 


21 


4 




16 




30 


8 


to 


26 


4 


t> 


14 




50 


5 


to 


18 


3 


to 


9 




70 


2 


to 


10 


1 


to 


7 



Collect in 
lead-free 
container in 
JLead-free 
environment . 

BSP interferes. 



Use freshly 
voided specimen. 



Meprobamate 
interferes . 
Values are for 
24-hr. speci- 
mens . 



17-hydroxy 
Urobilinogen 



Vanilmandelic 
acid (VMA) 



Males 2, to 7 mg./24 hr.; 
females lower. 

Less than 1 Ehrlich 
unit . 



Less than 9 mg./24 hr. 



Chlorpromazine 
interferes . 

2-hr., PM speci- 
men. Usually 
1300 to 1500 hr. 

Collect with 
12 ml. concen- 
trated HCl so 
pH remains 2 
to 3. 
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Section 3. ColleoHpn and Shipment of Urine Specimens 



Procedure or Component 



6 -Aminolevulinic 
acid (ALA) 



Coproporphyrins 



1 7-Hydroxycortico- 
steroids (170HCS) 



S-Hydroxyindole- 
acetic acid 
(5HIA) 



Nitrogen, Alpha 
amino 



Porphobilinogen 



Porphyrins , 
quantitative 



Volume 
T Required 



Collection and Shipment 



50 ml. 
aliquot 



50 ml. 



50 ml. 
aliquot 
of 24-hr, 
specimen 

50 ml. 
al iquot 
of 24-hr. 
specimen 

50 ml. 
aliquot 
of 24-hr. 
specimen 

SO ml. 
aliquot 
of 24-hr. 
specimen 

50 ml. 
al iquot 
of 24-hr. 
specimen 



Collect in dark brown 
bottle containing not 
less than 10 ml. of 
cone, HCl .* When 
possible , ship frozen 
with no additives • 

Collect in dark brown 
bottle containing 2 to 
5 g. sodium carbonate. 
(Toluene may also be 
added or keep refriger- 
ated.) Ship frozen. 

Add 0.'4 g. boric acid 
to 50 ml . aliquot . 



Collect with 10 to 15 mL 
glacial acetic aicid in 
container. 



Add 1 ml. cone. HCl to 
50 ml . aliquot . 



See note under 
6-aminolevulinic acid 



.See note under 
coprophyrins . 



*0n. quantitative studies, always reeord and forward^ the 
•24-hour volume figure to the reTerence laboratory. 
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Procedure or Component Volume Collection and Shipment 

Required 



Proteins 

(Electrophoresis) 



Vanylmandelic 
acid (VMA) 



50 ml. Collect undet. 5 or 10 

aliquot ml. of toluene^. Remove 
of 24-hr. the latter befbre ship- 
specimen ment. Add 50 mg. of 

sodium azide per 50 ml. 

aliquot. 

50 ml. ^ Collect with 12 ml. ^ 
aliquot concentrated HCl or 

of 24-hr. 15 ml. concentrated 
specimen glacial acetic acid so 

pH remains 2 to 3 ; 
• specimen myst not be 

collected without the 

acid. 



Section 4. Analyses Performed on Spinal Fluid 
ANALYSIS NORMAL 
Chloride 120 to 128 mEq/L 

Glucose 50 to 75 mg . % 



Protein 

Lumb. 
Cisti 

Ventricular ' 5 to 15 mg. 



Lumbar \ 15 to 45 mg. 

Cisternal \ 15 to 25 mg. 
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APPENDIX C. MATHEMATICS 



Section 1. Equations 

An equation is a mathematical expression of equalities. 
In clinical chemistry computaticwils , it is often necessary to 
transpose members of an equation in order to solve for an 
unknown. This section explains some of the mechanisms 
involved in solving equations. Consider the following example 
of an equation. 

OP,, * 10£ 
ODq ^ ^ V " 

Whatever mathematical operation is performed ofi the left side 
of the equation must be performed on the right side to avoid 
disturbing the equality. For example, each side could be 
multiplied by 100 and the expression would still hold true. 
If all the values except are known, it involves no more 
than simple arithmetic to solve for C^, But if all of the 
values except ODq are known, it is necessary to get OD3 alone 
on one side of -the eqyal sign. The way this is accomplished 
in felgebra is to perform a mathematical procedure opposi^te to 
that expressed on the side of the equation in which the 
quantity appears, in this case ODq, Note that in the original 
equation ODq is divided out on the left side; hence multiply- 
ing both sides of the equation by ODg^\iill cause it to appear 
on the right side as follows. 

OD^ X Cq X ^^ ^ Cu ^ ODq 

Now divide both sides by C^, since a multiplication is expres- 
sed on the right side of the equation. The equation then 
becomes 



ODu X Cs, X 100 ^ 
V X 

and is said to be expressed in terms of ODq. The reason for 
moving ODq to the right side of the equation is to get it 
alone on one side with minimum effort. This could also haVe 
been accomplished by the following steps. 

Step I: Divide each side by Cq. 

Step 2: Multiply both sides by 

Step 3: Divide both sides^ by OD^. 



. 13 

3^7 



.1 



step 4: Invert both sides, since ODq now appears as -i— 
on the left side as a result of dividing out OD^. s 

Note that regardless of how you solve for the unknown, a 
factor of the unknown is always eliminated by a mathematical- 
procedure opP^wSli^ to that expressed in the equation. Consider 
the equation r^i^O = y. In order to solve for x, subtract 20 
from both sides, because subtraction is the opposite of the 
addition expressed on the left side of the equation . The 
result would be x = 20. It must be remembered that 

although multiplication and division can be accomplished in 
any order, one cannot muH^iply or divide across plus or minus 
signs. Consequently, expressions such as y - 20 should be 
placed in parentheses and written (y - 20) if th^re are other 
factors of that expression. For example, tl\e equation 

X = y is best written x = I^^^^ to emphasize this ex- 

(U - 2) 

pression is a quantity and^ not equivalent to"*^ I . It makes 
no difference in which factor of an equation multiplication or 
division is expressed. For example 



ODj^ " 100 



OD^ ^ ^ 



is the saifte as ^ 

J Cs ^100 - ODu X Cs X 100 

ODu ^ — ^ 0D7 . ODq X V 

If V is equal to 100, the factor of 100 in the numerator 
would cancel out, which is not the case when the numerator 
involves addition iOD^ + C'g + 100) rather than jirtiltiplication. 

The fundamental operations of mathematics may be 
summarized in three laws . 1 . The aommutative law state^ that 
regardless of the order of addition or multiplication, the 
result is the same. Example: x + y = y. + x . 2. The 
associative law states that the product of three or more 
factors and the sum of three or more terms is the same regard- 
less of the manner in which they are grouped. Example: 
x+(y+3)=(x+y)+2=x+y+2 and x{yz) = (xy)2 = xys. 
3. Distributive law states that two or more terms multiplied 
by a single factor is equal to the sum of the products of 
each term of the expression multiplied by the single factor. 
Example: a(x+y-2) = ax + ay - az. 
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Section 2. Exponents ^ 

An exponent is a term written above and to the right o£ 
another quantity, denoting how many times the latter is repeat- 
ed as a factor: 2^ = (2) (2) (2) = 8. It is read as the power 
of the number; thus, 2^ is read "two to the third power, or 
simply "the cube of two." A number raised to a power is refer- 
red to as an exponential number. The exponent 1 is not_ indi- 
cated in that it does not change the value of the quantity: 
3^ = 3 The exponent is called the power and the number is 
called the base. Thus, for a^ the exponent is x and the base 
is a . 

Addition and subtraction. When adding or subtracting 
quantities with exponents, the exponen-t does not change: 

2a^ + a^ = 3a2 • 2a^ - a^ = a^ 

The coefficient 1 -is understood in the case of a , since 
1 X a2 = a2. 

Multiplication. The first law of exponents states that 
the exponent of any number in a product equals the sum ot its 
exponents in the factors o.f the product: 

(1) To multiply two like quantities, each raised to some 
power-, the exponents are added and the common quantity is re- 
tained: 

(x2)(x2) = (x) (x) (x) (x) (x) = x^ 

(2) When unlike quantities, each raised to a power, are 
multiplied, the results of each quantity must first be deter- 
mined or the quantities must be expressed by a common base: 

. (42)(32) = (16)(27) (42)(22) = .(2^H2^) = 2^. 

Division. To divide two like quantities, each raised to 
some power, the exponents Are subtracted and the common quan- 
tity is retained: 

x£ frrl fx^ fxl fxl fxl = 3,rS-2J = 
x2 " (x)(x) . , 
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Negative exponents . A negative exponent denotes division 
- 2 1 

3 = -j' Hence, a quantity raised to a negative power is the 
\ 

recipro^Q^^ of the otfaAtity to a positive power. The, second 
law of expt^nents states that the exponent of any number in a 
quotient equals iti exponent in the dividend minus its expo- 
nent in the divisoi\: 

Powers. The third law of exponents states that any ex- 
ponential quantity raised to a power is equal to the quantity 
raised to the product of the exponent and the power of the 
exponential quantity: 

(1) Any quantity, except zero, raised to the zero power 
is 1; 6^ = 1. This relation of the zero power to any quantity 
is clearly seen by taking the number to the power of 1 and -1: 

6^ = 6 and 6"^ = , 

(6^)(6-^) = 6^^-^^ = 6^ = ^ = 1 

10^ = 10, 10"^ -T^f and 10^ = 1 

(2) When a product is r^sed to a power, each member is 
raised to that power: 

ilxy)^ - l^x^y^ , 

(3) To find the result of an expression such as 2x^ ^ 
first raise the term to the power indicated^ then multiply the 
quantity by the coefficient: 

If a: = 3, 

2 X 3^ = 2 X 27 = 54 

Roots. A root indicates that a quantity is raised to a 
fractional power: 

V16 = 16 

The fourth law of exponents states that the radicand is 
expressed as an exponential quantity to a power equal to the 
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exponent divided by the index o£ the root: 




The symbol indicating a root is a radical sign {rsf)- When a 
radical sign appears in an expression, the express ion is a 
radical (ZVT) , the number above the radical sign is the index 

, and the number under the radical sign is the. radicand 
l^yjl) . The absence of an index above the radical sign indi- 
cates an index of 2, or simply the square root. 

(1) To raise a radical to a power, find the ro€t and 
raise it to the power indicated by applying the third law of 
exponents: / 




(2) The root of a root is taken by reducing the dual 
radical to the power of the radicand: 



(3) Addition or subtraction of quantities within radicals 
is possible only when the quantities and indices^re similar. 
Thus , 

■V2"+l/2~= 2~\f2~ 

but ^ 

cannot be further combined without changin^g their forms. For 
example : 

. ,iV8~ + Y2' =1/C4)(2) ^^^ISfi W2 

(4) ^ MuVtiplication can be performed directly when radi 
cals have thei same index: 



When indices are dissimilar, the radical is changed to expo- 
nential form and the product found is returned to radical form: 



11 ^ ^ i 

ip)i-yy) = (3 )(3 ) = 3 = 3 = -V3 
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(5) Division of quantities within a radical sign or of 
a radical by a radical, can be performed by changing to expo 

nential form: , , ' 

1 1 



Section 3. Logarithms 

A logarithm is an exponent. The logarithm of a number, 
to any base, is the power .to which the base. must be raised to 
equal the given number. That is, if N = a^ , th« logarithm of 
N to the base a is x, .or log^W = x. From this definition, a 
logarithm is an exponent and all the index laws of exponents 
apply to logarithms. The two statements N = a^ and log^If '= x 
express the same., relationship , being in exponential and log- 
arithmic form, respectively. Thus: 

If 2^ = 4, the logarithm of 4 to the base 2 is 2 
and log 94 = 2 

If 5^ = 125, then logs'lZS = 3^ 

A negative number has no true logarithm. 

Systems of Logarithms. There are two systems of log- 
arithms in Use: The .aommon (Briggsian) sy8i:em to the base 
10 and the natural (hyperbolic) system to the base e (2.71828). 
Common logarithms are written as. logj^W or simply log N and 
na,tural logarithms as loggW or In W. The two systems are 
interrelated as follows: 

log W = 0.4343 In N (2-1) 
In W = 2.3026 log W t-i-^J 

Common Logarithms. Common logarithms consist of an inte- 
gral part called the aharaateris^ia and a decimal part called 
the mantissa. 

o Charaateristia . The characteristic of any number is 
determined by the position of the decimal point within that 
number. When the number is greater than 1, the numerical value 
of the characteristic is one less than the number of signifi- 
cant figures to the left of the decimal point; when the number 
is less than .l, the ""characteristic ^s negative and is one 
greater than the number of zeros immediately to thfe. right of 
the decimal point. 

o Mantissa. An important consequence of-^he use of -the 
base 10 is that the mantissa of the logarithm is independent 
of the decimal point. The numbers 149,000, 149 and 0.149 all 
have the same mantissa. 

18 ^ , . - 
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Section 4. Review of the Slide Rule. 

This section on the use o£ the slide rule is a review of 
some important rules applicable to the solution of problems in 
this course. It is not intended as a complete course of in- 
struction. 

Multiplication and division with the slide rule are ac- 
complished by use of the C and D scales, each of which is 
identically scaled in logarithmic lengths. Thus, multiplica- 
tion and division are actually the physical addition and sub- 
traction of the logarithms of the numbers on the slide rule. 
Squares and square roots are found by use of the A and D 
scales; cubes and cube roots, by use of the K and D scales. 

Multiplication . To multiply two numbers, place either 
the right or left index of the C scale opposite the first 
factor on the D scale; and read the result on D directly under 
the second factor on C using the hairline on the indicator. 
(Use the index which keeps the second factor on C within the 
range of D. ) 

2 3 4 5 67891 

J I I I I I I I I 

\ \ 1 — \ — I I I I 

2 3^4 5 6 7 891 

SLIDE* RULE 



c 
b 



C.I 



2 



2X4 = 8 



4 



1 — I — I — r~r-| 

e 1. -y 0 O « I 



7 8 9 1 

J I I I 



6.7 89 



c L 



4^ 

5 

J_ 

"T 

4 



6 7 8 9 1 
J__l I I I 

n — I — I — i~rn 

5 6 7 8 9 1 



5 X 8 = 40 
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D%v%8ion. Division with the slide rule! is the reverse o£ 
multiplication. To divide one number by another, place the 
hairline of the indicator over the dividend on D, move the 
divisor on C to the hairline, and directly under the index of 
C read the quotient on D. 



3.S 



I 

c L 



' °| ] I 1 [— ^ 1 I I I 

v ' 2 3 4 56 7891 



5 6 7 8 9 1 
L^— J 1 I I I 



s 

■ ITS 



= 2 



I 



5 6 7 8 9 1 
J 1 I I I I 



° r I — ' — ' — ' — I 'l l 

' 2 3 4 5 6 7 8 9 | 



3 

6 = 



Deaimal point. Determination- of the position of the 
decimal point in slide-rule calculations is facilitated by 
expressing each factor as a number between 1 and 10 multi- 
plied by a power of 10. For example, 420 = 4.2 X"l02. Simi 
larly, if 8,682.3 is to be multiplied by 0.0231, the two 
factors may be expressed as 8.68 X 10^ and 2 .\3l r-pD--^. The 
significant figures are then multiplied on thVIslVde rule. 
The decimal point for the product of 2.31 X 8.68^s easily 
determined by inspection; the exponents of -10 are added- 
(10)<^ X (10)-2 = 105-2 = 10. 
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t S2 3,4 56 7891 
C I • \ I t I I I I I I 

oi 1— r 1 1 — I — I I I I 

I 2 3 4567891 

3005 

w 

(8.68 X 10^) X (2.31 X lO'^) = 20.05 X 10 = 2.005 X 10^ 



In division, the decimal point of the quotient read from 
the slide rule is *aiso determined by inspection, ^d the expo 
nent of 10 in the divisor is subtracted from the exponent of 
10 in the dividend (law of exponents). For example, in divi- 
sion of 42,301^by 0.0358, the figures are expressed in powers 
of 10 and divic^ed^as shown. 



/ 



3sa 

♦ ■ - V 

. I 2 3 4 5,6 7 8 91 

• I ^ 1 1 I • I I I I I I 



D I I I I 1 — I — I — rn—i 

I 2 3 4567891 



11«3 



433 



i4 



" ^° 1.182 X 10^ 

3.58 X 10-2 V 
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».ltigU operations. Any number of factors can be handled 

1 1 +^ 428 X 302 
with the slide rule. For example, to calculate ^ 2 ' 

4.28 X in^ X 3.02 t 10^ then place 6.86 on 

first express as ^ " 

6.86*X 10^ X 2 

C over 4.28 on D. " The index is now over the quotient. Thus, 
under 3.02 ofl . lies the answer to 1^ X 3.02. By placing 




First Setting of the Slide 
4.28 X 102 X 3.02 X 10^ 
6.86 X 102 




as* 



X 301 



Second Setting' of the Slide 

d_78 X 10^ X Z.OZ^ jOj 0.944/X 10^ = 9.44 X lO^ = 94.4 
6.86 X 10^ X 2 ' L 



Squares and square roots./ Squares and . square roots are 
calculated by use of the A and D scales. Note that the A 
scale really consists of two D scales, each one-half the 
length of the regular D scale. Thus, the square of every 
number on D lies directly above it- on A. Notice 4 on A above 
2 on D; and 9 on i4 above 3 on D.^ Here the use of powers of 10 
is advantageous. For example, in finding th^ square of a num- 
ber, it fliay be expressed in terms of a number between 1 and 10, 
multiplied by a power of 10. On the^ slide rule, first place 
the hairline over the number on D and read the square directly 
above on A. Then multiply the exponent of 10 by 2 (law of 
exponents). When using this exponential method with, squares 
and square roots, the D scale represents numbers between 1 and" 
10 and the A scale represeats numbers between 1 and 100. For 
exampl'e, (3, 520)^ is calculated below. 



12.4 



I 2 3 4567 891 2 3 4567891 
A I I I I I I i I M I I I I I I I I I 



D 



I I I I I 



.1 2 3 4567891 

f 

3.32 



C3,520)^^ = C3.52 X 10*^)^ = 12.4 X 10^ = 1.24 X 10^" 



In extracting the square^ root of a number, it is expressed 
in the form of a number betwe'en 1 and 100, multiplied by 10 to 
an even power. On the slide rule, fir'^t place the hairline 
over the numbe^r on A and read its root on D. Then divide the 
exponent of lu^by 2 (law of exponents). 5or example, to ex- 
tract the squarl^ot of 124, 000 , express it as 12.4 X 10^. 
Under 12.4 on Ay read 3.52 on D. Divide the expon.e^nt of 10 by 
2. The answer is 3.52 X 10^; To extract the square root of 
decimal fractions, the nvethod is the same. , - 
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2 3 4 567891 
I I I I I I I I I 



J 



■ 4.1 



5 6^891' 
I I 1 M I 



.er|c 



or 



1 — ^— I \ — I I I I I 

3 4 5 6 7 8 9 1 



3.4t 



«.17 



-3 



-yo. 0000841 = V^TlXlO-^ = 9.17 X 10 
"Vo. 00 06 21 = "Ve.Zl X 10^"= 2.49 X lO'^ 

Section 5. Graphs 

The graph is a pictorial representation of a mathematical 
equation and may range from a simple straight/ line^to a com- 
plicated curv" Graphs are based on the princi^ple of repre- 
senting a, number by a linear distance to a selected scale. 

The relationship between two variables is represented by 
use of two coordinate axes perpendicular to each other, the 
intersection of which is called the origin. Normally, the 
horizontal line is called the x-axis, and the vertical line, 
the y-ax'is. . Jhe coordinate axes, form four quadrants which are 
numbered counterclockwise, I, II, III, and IV, as shown in 
the figure below. " * V. 



- X 

- y 




1 2 3 4 5 6 7 8 



-or 
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The distances of a given point, from the i/- and x-axes are 
called the abscissa and ordinate , respectively, and are refer- 
red to as the 'coordinates of the point. Th-e point P is written 
as (6,5) where 6 and 5 are the perpendicular intercepts on the 
X- and i/-axes respectively. 

Abscissas measured to the right of the i/-axis are positive 
while those measured to the left are negative; ordinates m.eas- 
ured up from the x-axis are positive wliile those measured down 
are negative. You will probably not be dealing with negative 
values in the clinical laboratory, but you should understand 
how any value can be expressed graphically. 



Section 6. Summary of ^General Formulae 

This section provides a list of general formulae useful 
in clinical chemistry calculations. 



'PURPOSE: To determine the niSnber of grams of solution 
required to prepare a W/V percent solution 
of a specific volume. 

EQUATION: Grams of Solute Required Equals: 

(percent W/V) JC [volume in ml. of final solution) 

100 



PURPOSE: To determine the number of milliliters of 
solute required to prepare a V/V percent 
solution of a specific volume. 

EQUATION: Milliliters of Solute Required Equals: 



(percent V/V) X (volume in ml > of final solution) 

Too 
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3 PURPOSE: To deteijmine the volume of a concentrated 

reagent which contains a desired weight o£ 
the pure compound in solution. 

EQUATION: Milliliters o£ Solution Containing Required 
* Weight Equals: 

g. of concentrated solution required 
specific gravrty of concentrated solution 



PURPOSE: To determine the number of milliliters of a 
concentrated W/W reagent required to prepare 
a W/V percent solution of a specific volume. 

EQUATION: Milliliters Concentrated Reagent to be Used 
Equals: 



ml . equivalent 
to 1 g. r iist) 



percent 
W/V desired 



desired final 
volume in ml . 



100 



PURPOSE: To determine the weight of a compound required 
to prepare a solution of a specific molarity 
and volume. 

7 

EQUATION: Grams of Compound Required Equals: 



molecular 
weight 



"desired 
molarity 



final volume 
in ml . 



1000 



PURPOSE: To determine the number of mililiters of a 

concentrated W/W reagent required to prepare 
a solution of a specific molarity and volume 

EQUATION: Milliliters of Concentrated Reagent to be 
Used Equals : 



molecular 
weight 



desired 
molarity 



final volume 
in ml . 



factor 
from list 



L 



1000 
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PURPOSE: /^o determine the vfeight of a compound required 
to prepare a solution of a specific normality 
and volume. 

EQUATION: Grams of Compound Required Equals: 



molecular 
weight 



desired 
normality 



final volume 
in ml . 



(total positive valence) X 1000 



PURPOSE: To determine the number of milliliters of a 
concentrated W/W reagent required to prepare 
a solution of a specific normality and 
volume . 

EQUATION: Milliliters Concentrated Reagent to be Used 
Equals: s 



molecular** ^ * desired yr 
^ weight normality 



final volume 
in ml . 



factor 
from list 



(total positive valence) X 1000 



PURPOSE: To determine the number of milliliters of a 
concentrated stock solution to be diluted to 
obtain a more dilute solution. 

EQUATION: Milliliters Stock Concentrated Solution to 
be Diluted Equals: 



m] . dilute 
solution des ired 



concentration 
of dilute solution 



concentration of stock solution 



3n 





10 PURPOSE: To convert an electrolyte concentration, from 

mg. per 100 ml. to mEq./L. 

EQUATION. mEq./L. (Electrolyte) Equals: 



(mg. per 100 ml.) X (10) 
milliequivalent weight 



361 
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PURPOSE: 

J 

EQUATION: 



To determine the exact normality of an acid 
or base following a titration. 

Volume of Acid Used X Normality of Acid 
Equals: 



(volume of base required) X (normality of base) 
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PURPOSE: To de-termine the actual concentration of 
^ standard used in visual colorimetric and 
spectrophotometrip analyse?. 



EQUATION: Equals 

amount of standard 
in 1 ml. of solution 



no. ml. of this standard 
solution used in the test 



15 



PURPOSE: To determine the actual volume of specimen 
used in a chemical analysis. 



EQUATION: V Equals: 



ml. of specimen used to 
prepare PFF or ml. of 
specimen initially diluted 



X 



ml. of PFF or ml. 
of diluted specimen 
actually used in test 



total volume in which original specimen is diluted, 
e.g., total volume of specimen and precipitating 
agents when preparing PFF 

14 PURPOSE: To determine the concentration of an analyzed 

specimen when the spectrophotometer is used 
and the final volume of the standard and 
unknown are identical. 



EQUATION: Cu Equals 



2Ri 



100 



X Cg X 
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15 PURPOSE: To determine the concentration of an analyzed 

specimen when the spectrophotometer is used, 
and the final volumes of the standard and f 
unknown are- not the same. 



EQUATION: Cu Equals: 



OD 



's 



X Cs X 



100 

V 



t 

final volume of standard 



fina\ volume of unknow 



'This section provides a summary of general formulae which 
is useful in clinical chemistry calculations. The following 
list of reagent factors is required to solve formulae 4, 6, and 
8. This factor is the volume of concentrated reagent contain- 
ing 1 g. of pure reagent. It is- equivalent to the reciprocal 

of the specific gravity pf the reagent or 



sp.gr 



Concentrated Reagent 



Number of ml. that 
will be approximately 
equivalent to 1 g. 
y of pure solute 



Acetic acid, glacial 
Ammonium hydroxide . . 
Hydrochloric acid. . . 

Nitric acid 

Phosphoric acid 

Sulfuric acid 



0.96 
•3.97 



30 
01 
70 
57 



Section 7. Graph Paper 

In this section you will find two sheets of graph paper 
with labeled axes and several sheets of plain gi'aph paper. 
One of the labeled sheets is required for your solution to 
Chapter Review Exercise, problem 18, in Chapter 4 of Volume I, 
One sheet of .the plain- granh paper is required for your solu- 
tion to protffem s ituation paragraph 17-12, Chapter 6 of 
Volume I. The remaining graph pap^r may be used for your own 
study and practice. (Remember, do not submit these grap4iic 
responses to ECI.) 
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Section 8. Standard Devvation Worksheet 

The formsjon the following pages are designed for your 
use in quality control calculations. The procedure is explain- 
ed in detail in Chapter 6 of Volume I. You will need one sheet 
to arrange the quality control figures listed in"* problem situ- 
ation 4, paragraph 17-12. An extra sheet is included for use 
in your own laborato^ as a guide for arranging quality control 
information. 
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